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NOTE.

The considerable bulk of the Annual Volume of Transactions has induced the

Publication Committee to direct that the full list of members of the Society

should be omitted from the preliminary matter therein. The list, which would

have been published here, is that which was corrected up to July, 1894, and was

issued as a second edition of the Fifteenth Catalogue. The following summary

records the number of members in each grade :

Honorary Members 16

Members 1,335

Associates 69

Juniors 242

Total 1,662

Life Members 59



RULES
OF THE

AMERICAN SOCIETY OF MECHANICAL ENGINEERS.

OBJECTS.

Aet. 1 . The objects of the American Society of Mechanical

Engineers are to promote the Arts and Sciences connected with

Engineering and Mechanical Construction, by means of meetings

for social intercourse and the reading and discussion of profes-

sional papers, and to circulate, by means of publication among
its members, the information thus obtained.

MEMBERSHIP.

Art. 2. The Society shall consist of Members, Honorary Mem-
bers, Associates and Juniors.

Art. .'1 Mechanical, Civil, Military, Mining, Metallurgical and

Naval Engineers and Architects may be candidates for member-
ship in this Society.

Art. 4. To be eligible as a Memher, the candidate must have

been so connected with some of the above-specified professions

as to be considered, in the opinion of the Council, competent to

take charge of work in his department, either as a designer or

constructor, or else he must have been connected with the same

as a teacher.

k

Note.—The Rules of the Society, adopted in 1880, were in force until 1884.

when tliey received a general revision by a careful committee, whose report, dis-

tributed in- letter ballot, was adopted Novemlier .'5, 1884.

The present Rules a.n- those of 1884, amended since that date as follows :

Arts. 20 and 21—November, 1889.

Art. 18—November, 1891 ; December, 1893.
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Art. 5. Honorary Members, not exceeding twenty-five in num-
ber, may be elected. They must be persons of acknowledged
professional eminence who have virtually retired from practice.

Art. 6. To be eligible as an Associate, the candidate must have

sucli a knowledge of, or connection with applied science as quali-

fies him, in the opinion of the Council, to co-operate with engi-

neers in the advancement of professional knowledge.

Art. 7. To be eligible as a Junior, the candidate must have

been in the practice of engineering for at least two years, or he

must be a graduate of an engineering school.

The term " Junior " applies to the professional experience,

and not to the age of the candidate. Juniors may become eligi-

ble to membership.

Art. 8. All Members and Associates shall be equally entitled

to the privileges of membership. Honorary Members and Jun-

iors shall not be entitled to vote nor to be members of the

Council.

election of members.

Art. 9. Every candidate for admission to the Society, except-

ing candidates for honorary membership, must be proposed by
at least three members, or members and associates, to whom he

must be personally known, and he must be seconded by two

others. The proposal must be accompanied by a statement in

writing by the candidate of the grounds of his application for

election, including an account of his professional experience, and

an agreement that he will conform to the requirements of mem-
bership if elected.

Art. 10. All such applications and proposals must be received

and acted upon by the Council at least thirty days before a

regular meeting, when the Secretary shall at once mail to each

member and associate, in the form of a letter ballot, the names
of candidates recommended by the Council for election.

Art. 11. Any member or associate entitled to vote may erase

the name of any candidate, and may, at his o])ti()n, returii to the

Secretary such ballot enclosed in two envelopes, tlie inner one

to be blank and the outer one indorsed by the voter.

Art. 12. The rejection of any candidate for admission as mem-
ber, associate, or junior, by .scrvn voters, shall diMeat the elec-

tion of said candidate. The rejection of any canditlato for ad-
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mission as honorary member by three voters shall defeat the

election of said candidate.

Art. 13. The said blank envelopes shall be opened by the

Council at any meeting thereof, and the names of the candidates

elected shall be announced in the first ensuing meeting of the

Society, and also in the first ensuing list of members. The
names of candidates not elected shall neither be announced nor

recorded in the proceedings.

Art. \-L Candidates for admission as honorary members shall

not be required to present their claims ; those making the nomi-

nations shall state the grounds therefor, and shall certify that

the nominee "will accept if elected. The method of election in

other respects shall be the same as in case of other candidates.

Art. 15. All persons elected to the Society, excepting honor-

ary members, must subscribe to the rules and pay to the Treas-

urer the initiation fee before they can receive certificates of

membership. If this is not done within six months of notifica-

tion of election, the election shall be void.

Art. 16. The proposers of any rejected candidate may, within

three months after such rejection, lay before the Council written

evidence that an error was then made, and if a reconsideration

is granted, another ballot shall be ordered, at which thirteen

negative votes shall be required to defeat the candidate.

Art. 17. Persons desiring to change the class of their mem-
bership shall be proposed in the same form as described for a

new applicant.

FEES AND DUES.

Art. 18. The initiation fees of members and associates shall

be 825, and their annual dues shall be $15, payable in advance.

The initiation fee of juniors shall be $15, and their annual dues

$10, payable in advance. A junior, being promoted to full

membership, shall pay an additional initiation fee of $10. Any
member or associate may become, by the payment of $200 at

any one time, a life member or associate, and shall not be liable

thereafter to annual dues. The Council shall have the power,

by a unanimous vote at a regular meeting, to admit to the grade

of life member, without the full payment of the sum above

named, such person as for ten or more years has been a full

member or associate, and who, in its judgment, is entitled to
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this grade, provided that notice of such action shall have been

given at a previous meeting.

Art. 19. Any member, associate or junior, in arrears may, at

the discretion of the Council, be deprived of the receipt of pub-

lications, or stricken from the list of members, when in arrears

for one year. Such person may be restored to membership by

the Council on payment of all arrears, or by re-election after an

interval of three years.

OFFICERS.

Art. 20. The affairs of the Society shall be managed by a

Council, consisting of a President, six Yice-Presidents, nine

Managers, and a Treasurer, who shall also be the Trustees of

the Society.

All past (ex) Presidents of the Society, Vv^hile they retain

their membership therein, shall be known as Honorary Coun-

cillors, and shall be entitled to receive notices of all meetings of

the Council and may take part in any of its deliberations ; they

shall be entitled to vote upon all questions except such as affect

the legal rights or obligations of the Society or its members.

Art. 21. The members of the Council shall be elected from

among the members and associates of the Society at the annual

meetings, and shall hold office as follows :

The President and the Treasurer for one year ; and no person

shall be eligible for immediate re-election as President who shall

have held that office for two consecutive years ; the Vice-Presi-

dents for two years, and the Managers for three years ; and no

Vice-President or Manager shall be eligible for immediate re-

election to the same office at the expiration of the term for which

he was elected.

Art. 22. A Secretary, who shall be a member of the Society,

shall be appointed for one year by a majority of the members of

the Council at its first meeting after the annual election, or as

soon thereafter as the votes of a majority of the members of the

Council can be secured for a candidate. The Secretary may be

removed by a vote of twelve members of the Council, at any

time after one month's notice has been given him by a majority

of its members to shoAV cause why he should not be removed,

and he has been heard to that effect. The Secretary may take

part in any of the deliberations of the Council, but shall not
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have a rote tliereiu. His salary shall be fixed for the time he

is appointed by a majority vote of the Council.

Art. 23. At each annual meeting, a President, three Vice-

Presidents, three Managers and a Treasurer shall bo elected,

and the term of office of each shall continue until the end of the

meeting at which their successors are elected.

Art. 24. The duties of all officers shall be such as usually

pertain to their offices or may be delegated to them by the

Council or by the Society. The Council may, in its discretion,

require bonds to be given by the Treasurer.

Art. 25. The Council may, by vote of a majority of all its

members, declare the place of any officer vacant, on his failure

for one year, from inability or otherwise, to attend the Council

meetings, or to perform the duties of his office. All such va-

cancies and those occurring by death or resignation shall be

filled by the appointment of the Council, and any person so ap-

pointed shall hold office for the remainder of the term for which

his predecessor was elected or appointed
;
provided that the

said appointment shall not render him ineligible at the nest

annual meeting.

Art. 26. Five members of the Council shall constitute a

quorum ; but the Council may appoint an Executive Committee,

or business may be transacted at a regularly called meeting of

the Council, at which less than a quorum is present, subject to

the approval of a majority of the Council, subsequently given

in writing to the Secretary and recorded by him with the min-

utes. Absent members of the Council may vote by proxy upon
subjects stated in the call for a meeting, said proxy to be de-

posited with the Secretary.

Art. 27. The President on assuming office shall appoint a

Finance Committee and a Publication Committee and a Library

Committee of five members each. The appointment of two
members of each Committee shall expire at the end of each

year. The Secretary shall, ex officio, be a member of all three

committees.

Art. 28. The Finance Committee shall have power to order

all ordinary or current expenditures, and shall audit all bills

therefor. No bill shall be paid except upon their audit. When
special appropriations are ordered by the Society, they shall

not take effect until they have been referred to the Council and
Finance Committee in conference.
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Art. 29. It shall be the duty of the Publication Committee to

receive all papers contributed, to decide which shall be pub-

lished in the Transactions, and which shall be read in full at the

meetings.

Art. 30. It shall be the duty of the Library Committee to take

charge of the collection of all material for the Library of the

Society, and to supervise all regulations for its use.

ELECTION OF OFFICERS.

Art. 31. At the regular meeting preceding the annual meet-

ing a nominating committee of five members, not officers of the

Society, shall be appointed, and this committee shall, at least

thirty days before the annual meeting, send to the Secretary

the names of nominees for the offices falling vacant iinder the

rules. In addition to such regularly appointed committee, any

other five members or associates, not in arrears, may constitute

an independent nominating committee, and may present to the

Secretary, at least thirty days before the annual meeting, all the

names of such candidates as they may select. All the names of

such independent nominees shall be placed upon the ballot

list, with nothing to distinguish them from the nominees of the

regular committee, and the Secretary shall at once mail the said

list of names to each member and associate in the form of a

letter ballot, it being understood that the assent of the nominees

shall have been secured in all cases.

Art. 32. In the election of Vice-Presidents, each member and

associate may cast as many votes as there are Vice-Presidents

to be elected. He may give all these votes to one candidate, or

distribute them among more, as he chooses. Managers shall be

voted for in the same way.

Art. 33. Any member or associate entitled to vote may vote

by retaining or changing the names on said list, leaving names

not exceeding in number the officers to be elected, and return-

ing the list to the Secretary— such ballot inclosed in two

envelopes, the inner one to be blank and the outer one to be

indorsed by the voter. No member or associate in arrears

since the last annual meeting shall bo allowed to vote until said

arrears shall have been paid

Art. 34. The said blank envelopes shall be opened by tellers

at the annual meeting, and the person who shall have received
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the greatest number of votes for the several offices shall be de-

clared elected.

MEETINGS.

Art. 35. The annual meeting of the Society shall be held on

the first Thursday in November of each year, in the City of

New York, unless otherwise ordered, at wliich a report of pro-

ceedings and an abstract of the accounts shall be furnished by
the Council. The Council may change the place of the annual

meeting, and shall, in that case, give timely notice to members
and associates.

Art. 36. Other regular meetings of the Society shall be held

in each year at such time and place as the Council may appoint.

At least thirty days' notice of all meetings shall be mailed by
the Secretary to members, honorary members, associates and
juniors.

Art. 37. Special meetings may be called whenever the Coun-

cil may see fit ; and the Secretary shall call a special meeting

at the written request of twenty or more members. The notices

for special meetings shall state the business to be transacted,

and no other shall be entertained.

Art. 38. Any member, honorary member or associate may
introduce a stranger to any meeting ; but the latter shall not

take part in the proceedings without the consent of the meeting.

Art. 39. Every question which shall come before the Society

shall be decided, unless otherwise provided by these rules, by
the votes of a majority of the members and associates present,

provided there is a quorum.

Art. 40. At any regular meeting of the Society thirteen or

more members and associates shall constitute a quorum.

Art. 41. Unless otherwise ordered, papers shall be read in

the order in which their text is received by the Secretary.

Before any paper appears in the Trauftactions of the Society, a

copy of the paper shall be sent to the author, and, so far as

possible, a copy of the reported discussion shall be sent to

every member who took part in the same, with requests that

attention shall be called to any errors therein.

Art. 42. The Society shall claim no exclusive copyright in

papers read at its meetings, nor in reports of discussions,

except in the matter of official publication with the Society's
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imprint, as its Transactions. The Secretary sliall have sole

possession of papers between the time of their acceptance by
the Publication Committee and their reading, together with the

drawings illustrating the same ; and at the time of such reading,

or as soon thereafter as practicable, he shall cause to be printed,

with the authors' consent, copies of such papers, " subject to re-

vision," with such illustrations as are needed for the Transac-

tions, for distribution to the members and for the use of technical

newspapers, American and foreign, which may desire to reprint

them in whole or in part. The policy of the Society in this

matter shall be to give papers read before it the widest circula-

tion possible, with the view of making the work of the Society

known, encouraging mechanical progress, and extending the

professional reputation of its members.

Art. 43. The author of each paper read before the Society

shall be entitled to twelve copies, if printed, for his own use,

and all members shall have the right to order any number of

reprints of papers at a cost to cover paper and printing
;
pro-

vided, that said copies are not intended for sale.

Art. 44. The Society is not, as a body, responsible for the

statements of fact or opinion advanced in papers or discussions,

at its meetings ; and it is understood that papers and discus-

sions should not include matters relating to politics or purely

to trade.

AMENDMENTS.

Art. 45. These rules may be amended, at any annual meeting,

by a two-thirds vote of the members present
;
provided, that

written notice of the proposed amendment shall have been

given at a previous meeting.



CONTENTS OF VOLUME XV.

PAGE

DLVI Proceedings, New York, 1893 3

DLVII CoxE, E. B The Use of Small Sizes of Anthra-

cite Coal for Generating Steam.

President's Address *.
. . 36

DLVIII Crctkshaxk, B A Device for DrillJigs 60

DLIX Carpenter, R. C New Form of Prony Brake . 63

DLX ScHEFFLEU, F. A A Curve Delineator 67

DLXI GuELBAUM, D Theory of Direct-Acting Steam-

Pumps 75

DLXII Francis, W. H A Modern Disinfecting Plant ... 101

DLXIII Aldrich, VV. S. . . Use of the Indicator for Continu-

ous Records in Dynamometric

Testing 112

DLXIV Rogers, VV. A The Cumulative Errors of a Grad-

uated Scale 127

DLXV Stanwood, J. B Strength of Rim Joints in Fly-

Band Wheels 147

DLXVI MoRisoN, G. R Expansion Bearings for Bridge

Superstructures 158

DLXVII Mansfield, A. K The Buckeye Engine Valve-Gear. 177

DLXVIII Taylou, F. W Notes on Belting 204

DLXIX Gastt, H. L Recent Progress in Manufacture

of Steel Castings 260

DLXX Jacobus, D. S A Comparison of the Mean Effect-

ive Pressures of Simultaneous

Cards taken by Different Indi-

cators '.

. . 277

DLXXI Crane, "W. E Crucible Furnace for Burning Pe-

troleum 307

DLXXII Thurston, R. H On the Maximum Contemporary

Economy of High-Pressure Mul-

tiple-Expansion Steam-Engine . 313

DLXXIII Carpenter, R. C Experimental Determination of

the Effect of Water in Steam on

the Economy of the Steam-

Engine 438
DLXXIV Carpenter, R. C Constants for Correcting Indicator

Springs which have been Cali-

brated Cold 454

DLXXV Scheffler, P, A Tests of a Boiler using Grates

with Small Percentage of Open-

ings 503



XVI CONTENTS.

PAGE

DLXXVI Cakpenter, R. C Some Experiments on the Effect

of Water Hammer 510

DLXXVII Pike, W. A Steam Piping, and Efficiency of

Steam Plants 536

DLXXVIII Manning, C. H A Method of Manufacture of

Large Steam -Pipes 571

DLXXIX Topical Discussions 577

DLXXX Memorial George H. Babeock 636

DLXXXI Proceedings, Montreal, 1894 643

DLXXXII CoxE, E. B Technical Education 655

DLXXXIII Freeman, John E A New Form of Canal Waste-

Weir 669

DLXXXTV Richards, Frank A Note on Compressed Air 685

DLXXXV Aldrich, W. S Power Losses in the Transmission

of Machinery of Central Sta-

tions 705

DLXXXVI Smith, Jesse M Tests of a Small Electric Railway

Plant 730

DLXXXVII BissELL, G. W Effect of Varying the Weight of

Regenerator in a Hot-Air En-

gine 744

DLXXXVIII Hunt, C. W A New Mechanical Fluid 751

DLXXXIX Ball, F. H Cylinder Proportions for Com-
pound Engines Determined by
their Free Expansion Losses... . 759

DXC Thurston, R. H The Theory of the Steam-Jacket

;

Current Practice 779

r^ r -T^ ^ Results of Measurements of the
Denton, James E., ^xr f n ,-• r tt

_,v/nT T r% o Water Consumption of an Un-DXCI J. Jacobus, D. S., ^ •
i + i i />aa tt r> /-. j

I o T> TT jacketed 1,600 H.P. Compound
AND Rice, R. H.

.

tt • />, i- t^ • ^^^
*>. J llarris-Corliss Engine 882

DXCII Carpenter, R. C The Saturation Curve as a Refer-

ence Line for Indicator Dia-

grams 904

DXCIII Jacobus, D. S Results of Experiments with a

50 H.P. Single Non-Condensing

Ball and Wood Engine, to De-

termine the Influence of Com-
pression on the Water Consump-
tion 915

DXCIV Mansfield, A, K Notes on the Theory of Shaft Gov-

ernors 929

DXCV King, F. B Notes on the Corrosion of a Cast-

Steel Propeller Blade 961

DXCVI Robinson, A. W The Relation of the Drawing
Office to the Shop in Manufac-

tories 965

DXCVII HuTTON, F. R First Stationary Stoam-Engine in

America 982



CONTENTS. XVI

1

TAQE

DXCVIII Wood, M, P Rustless Coatings for Iron and

Steel 998

DXCIX Rites, F. M A New Form of Compound Steam

Distribution 1074

DC McBride, James Corrosion of Steam Drums 1087

DCl Hall, A. F Heat Units, and Specifications for

Pumping Engines 1103

DCII Bristol, W. H A New Recording Pressure Gauge

for Extremely High Ranges.of

Pressures 1119

DCIII May, De Coukcy Cost of an Indicated Horse-Power. 1146

DCIV RoNEY, W. R Mechanical Draft 1163

DCV Memorial Notices of Members De-

ceased 1183





LIST OF ILLUSTRATIONS, VOLUME XV.

FIG PAGE

1

.

Anthracite coal, sizing screen 40

2.
" " appai-atus for separating slate 43

3.
'* " apparatus for drying sample 44

4.
'• " pulverizer ..-n .'.'.'. 47

5.
•' " incinerating dish 49

G.
" " laboratory 55

7. Device for drill jig-^ 61

8. Prony brake, elevation 63

9. " " section 63

10. " " diagram 64

11. " " hydraulic form 65

1 ?. Curve delineator, detail 68

13. 14. Curve delineator, diagram • 69

15. Curve delineator, work of 71

16. Direct-acting pump, diagram 76

17. Disinfecting plant, United States Marine Hosijital 102

18. " " plan 104

19. " " detail of tanks 106

20. " " " ' ... 107

21. " " " of plant 108

22. Indicator in dynamometry, arrangement 115

23,24. " " details 116

2.5,26. " " diagrams 117

27, 28. 118

29,30." " " 1^^

31,32. " " " 120

33.
131

34 «' " arrangement 122

3,5
«< " diagram 123

36, 37. Rim-joint in fly-wheel, diagrams 148

38. 39, 40. " " " 150

41. Expansion bearing for bridge at Plattsmouth 157

«• " Bismarck 159

" " Memphis faces 1GO

" " Burlington 161

" for Mound Street viaduct 163

" standard 165

47. Buckeye valve-gear, outline 178

48. " " section 179

49. 50. " " diagrams 180

42.

43.

44.

45.

46

51. 181

52 " «« " 182

53 « " " 184



XX LIST OF ILLUSTRATIONS.

FIG. PAGE

54. Buckeye valve-gear, section 185

55. " " " 186

56. " " indicator diagrams 187

57. " " section 189

58. " " indicator diagrams 190

59. " " " " 191

60. " " elevation 192

61. " " " 193

62. 63. " " indicator diagrams 194

64. " " details 195

65, 66.
" '* indicator diagrams 196

67. " " " " 197

68. " " diagram 200

69.
'• " section 201

70,71." " diagram 202

72. Expansion bearing for bridge superstructure 168

73-75. Indicator diagrams, for comparison 288

76-78. " " " 289

79-81. " " " 290

82-84. " " " 291

85-87. " " " 292

88. " " " 302

89. Crucible furnace for burning petroleum 307

90. " " " " 308

91. Milwaukee triple-expansion pumping-engine 314

92. " " " " " pumps 319

93. " " " " " front faces 320

94. " " " " " pumps 322

95. " " " " '• diagrams 324

96. " " " " " " 325

97.
" " " " " arrangement faces 332

98. " " " " " log 334

99. " " " " " " 336

100. " " " " " diagrams 339

101. " " " " " " 340

102. " " " " " " 341

103. " " " *' " energy stored 346

104. " " " " " heat-energy 353

105. Progress in steam pressures, 1800-1900 354

106. Combined indicator diagrams, North Point engine 363

107. Thermodynamic condensation of steam, Nortli Point engine 365

108. Engine house, Milwaukee, North Point Station 437

109. Calorimeter attachment in steam-pipe 438

110. Indicator diagrams, effect of water in steam. 439

111. Consumption of dry steam in relation to quality 445

1 12. Indicator springs, test apparatus for 456

113. " " " " " 458

114. " '• " diagrams of 459

115. " " " " 4(50

110. " " calibration diagrams of 461

I



LIST OF ILLUSTRATIONS. XXI

nc. PAGE

117. Indicator springs, calibration diagrams of 462

1 18. " " test diagrams of 469

119. - " " " 470

1-20. " " •' " 471

r:i.
" " " " 472

ie-2.
•• ' " " 473

128.
•' '• '• " 474

124. '' " " " 475

125.
'• •' " " 476

126. " " " " 477

127. Spring steel, motUilus of 501

128-130. Indicator diagrams of compound engine 404

131.
'• " " " 405

132. " " " " 406

133-135. " '• '' " 407

136. Combined indicator diagram, North Point pnmping engine faces 362

137. Grates with small per cent, of openings 504

138. " " " " set 505

139. 140. Water-hammer, diagrams of 513

141,142. " " " 514

143. " " coclf valve type 515

144. " " details of test 516

145. " " diagram of 517

146. " " calibration curve 519

147. " " diagram of tests 520

148. " " " comparison , 521

149. " " detail of test 523

150. 151. " " diagrams of 525

1.52.153. " " " 526

154. '.' " comparison of 528

155. Diagram from steam chest 538

156. " " " " 539

157. Steam piping, test of 540

1J58. •' " of West End Street Railway 544

159. " " of boiler plant 547

160, 161. Steam piping joint 565

162. " " " 567

163. " " " 568

164.
*' " of Drifton collieries 549

165. " " joint for 569

166. Steam-pipe, manufacture of 573

167. '• " viewof 575

168. 169. Indicator card of average work 581

170.
" " " " 582

171-17o. Ashton's new steam power meter 584

174-178. Diagrams of stuffing-boxes 592

179. Tests of friction of hydraulic packing 598

180, 181. Coxe Brothers' stuffing-box for plungers 600

182-184. Packing for pistons 603

185,186. " " " 605



XXll LIST OF ILLUSTRATIONS.

FIG. PAGE

187. Cylinder lubricator test 611

188. PJanimeter, improved form of 635

189. Portrait of George H. Babcock 637

190. Waste- weir, plan of 671

191. " sketch of 672

193. " section of 673

193. " " 674

194. " " 676

195. " plan of 676

196. " section of 677

197. 198. " flashboards 678

199. " " 680

200. " action of 683

201

.

Compressed air, diagram for , 687

203. " " " " 689

203.
'• " plant (197

204. Transmissive machinery losses, diagram 708

205. " " arrangement of 710

2C6. " "
losses, diagram of 711

207. •• " " " 713

208,209. " '* " " " 713

210, " " " " 714

211, " " arrangement of 727

212, 213. Indicator diagrams, electric railway 737

214-216. " " " " 738

217-220. " " " " 739

221-223. " " " " 740

2-24,225. " " " " 741

226. Diagram of ampere readings, electric railway 742

227, 228. New mechanical fluid •. 752

229,230. •'
" " 754

231. " " " for stubs 756

232. Indicator diagrams for study of compression 760

233. 2:!4.
" " " " 761

2;!5. Diagrams of efficiency 766

236. " " 768

237. " " 770

238. Graphical method for cylinder ratios 771

239. " " " " 773

240. " " " " 773

241. " " " " 774

242. " " " " 775

243. Steam-jacket efficiencies 810

244. " engine diagrams 828

245. " " " 829

246. " tests 831

247. " of compound engines 8(il

248. " " " 8(i3

249. '

'

complete 878

250-252. Indicator diagrams, unjacketed engine 886



LIST OF ILLUSTRATIONS. XXIU

no. PAGE

3>3, 254. Indicator diagrams, unjacketed engine 887

255. " " with saturation curve 905

256.257. •'
" " " '' 908

258.
" " " " " 910

250. Diagram of relation of pressure and volume 914

230-262. Indicator diagrams, Ball engine 917

263-265. " " " 927

266. Shaft governor 930

267. " " 931

268. " " diagram 933

269. " " " 934

270. 271. Shaft governor, diagram 936

272. " " " 937

273. " " " 939

274. " " " 940

275. " " " 941

276. " " " 942

277. " " " 943

278,279. " " " 944

280. " " " 945

281. " " " 946

282. " " " 918

283. " " " 949

284. " " " 950

285-287. " " experiments with 951

288,289. " " " " 952

290-292. " " " " 953

293,294. " " " " 954

295. First stationary steam engines 986

296.
'• " " " faces 987

297. " " •' " 989

298. Centre square boiler 993

299. " " " 994

300. " " " 994

301. 302. Gesner furnaces 1008

303. " " 1009

304. " " 1010

305. Section of iron bar 1035

306. Diagram of bridge cables 1045

307. Electrolytic effects on buried pipe 1050

308-310." " " " 1051

311. Compound engine diagram 1078

312.313." " " 1079

314,315." " " 1080

310. " " " 1081

317. Boiler setting 1087

318. " " aud piping 1088

319-321, 323. Boiler setting and piping, details 1090

322. Boiler setting 1094

324. Corroded boiler plate 1091



XXIV LIST OF ILLUSTRATIONS.

riG.

325.

336.

327.

323.

329,

331.

332.

333.

334.

3:^5.

336.

337.

338,

340.

341.

343,

344.

345.

Corroded boiler plate

" pipe-fitting

Bristol recording pressure gauge

330. " " "
.

Tempering bath for wire. . .

.

Piping for boiler feed-tanks.

Mechanical draft plant

339. .faces

343. Test of Rider hot-air engine.

PAGE

1092

1095

1120

1121

1128

1129

1142

1157

1165

1168

1169

1170

1173

1175

1177

746

747

749



PAPERS

I

NEW YORK MEETING,

(XXVIIIth)

DECEMBEE, 1893,

BEING ALSO THE FOURTEENTH ANNUAL MEETING OF THE SOCIETY.





DLVI.

PROCEEDINGS
OF THE

NEW YORK MEETING

(XXVIIIth),

OF THE

A31ERICAi\ SOCIETY OF MECHANICAL ENGINEERS,

December 4th to December 8th, 1893.

The opening session, which was convened at half-past eight in

the evening of Monday, December -ith, in the cozy auditorium of

the house of the Mechanical Engineers' Library Association, met
to listen,to the address of the Hon. Eckley B. Coxe, President of

the Society. His subject was " Small Anthracite as Fuel," and

was illustrated by lantern slides projected upon the screen, and

by models of apparatus which he had used in his investigations.

At the close of this address a collation was served in the supper-

room in the lower hall, and the remainder of the evening was

given to a social reunion of the members and their ladies.

Before the session adjourned, the members were invited by

the President of the Engineers' Club to avail themselves of the

courtesies of that institution.

Messrs. John H. Webster and Charles W. Barnaby were ap-

pointed by the President to act as tellers, under Article 35 of the

Rules, to count the ballot for officers.

Second Day. Tuesday, December 5th.

The first session for business was convened in the Auditorium

of the Society's house at 10 a.m. The secretary's register in the
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The first business of the morning was the presentation of the

Annual Eeport of the Council, which was read as follows :

The Council of the American Society of Mechanical Engineers

begs leave to report to the membership of the Society, under

Ai-ticle 35 of the Rules, the following business transacted during

the Society year ending November 15, 1893.

Six meetings have been held for business, at which the passing

upon applications for membership and other matters came up
for consideration.

Applications have been received from a number of technical

institutions, requesting that their libraries might be put upon the

list of those who are to receive the volumes of Transactions gra-

tuitously, as they are issued each year. These requests have been

gi-auted in the cases of institutions which by their charter give

to their students a degree in engineering, and, in some cases, to

make their series complete, back volumes have been transmitted

to such libraries at the usual members' rate of half the price at

which they can be purchased by outsiders.

The Council would report the consummation of the work of its

Committee, whereby, in conjunction with the other engineering

societies, a headquarters for engineers was opened and main-

tained in the city of Chicago during the continuance of the

Columbian ExjDositiou. These headquarters were at No. 10

Tan Buren Street, conveniently accessible to the down-town
hotels, and included two large rooms upon the upper floor of

the building, accessible to members, and the necessary addi-

tional space for the offices of the General Secretary and his

assistants. Mr. Max E. Schmidt, of Chicago, was the choice of

the Committee for this position. Besides these rooms in the

heart of the city, by the courtesy of F. J. von Skiff, headquarters

for engineers were also maintained at the Exposition grounds,

in the gallery of the Building of Mines and Mining. For the

courtesy of the extension of the use of this headquarters to the

members of this Society, the Council is indebted to the Coun-
cil of the American Institute of Mining Engineers.

To meet the expenses connected with the maintenance of the

general headquarters of the associated engineering societies

a subscription was collected from interested members, amount-
ing to 82,442.45, from which the sum of $2,000, required by the

Executive Committee of the engineering societies, was sent to

their treasurer as requested, and the remainder will be turned
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in for tbe general purposes of this Society, to be invested here-

after.

A Committee of the Council was also appointed, consisting of

Messrs. Holloway, Baldwin, and Towne, of New York, to co-op-

erate with Messrs. Hunt and Porter, of Chicago, for the purpose

of attending to such extra matters as presented themselves in

connection with the visit of foreign engineers to America during

the Columbian year. For this service the above Committee

decided upon the maintenance in the Society's house of a bu-

reau of information and headquarters for the use of foreign

visitors. Circulars of invitation were sent in English, French,

and German to representatives of foreign societies, with the

request that they might be distributed among the members of

those societies intending to visit the United States. Cards were

inclosed in these invitations which would accredit the visiting

members to the courtesies of the Society. The seats in the

auditorium were removed, the floor was stained and covered

with a rug, and tables and movable chairs were supplied for

the use of those who might come. The Committee thought that

most valuable service might be rendered to foreign engineers if

they found upon their arrival a collection of trade catalogues

and other information which might prove useful to them upon

the subjects they might wish to investigate during their stay,

and, to this end, circulars were sent to those members interested,

to which a very full response was received, and a most valuable

collection of miscellaneous industrial information was gathered

together upon the tables, which proved of immense service and

interest ; so valuable, indeed, that a movement to maintain it as

a feature of the Society's house, for the benefit of our own mem-

bers, is under consideration.

To meet and converse with those unfamiliar with the English

language, a linguist was employed as clerk in charge of the

bureau from the 1st of Juno to the 30th of Sei)tembor. The

number of visitors to the house has not been as great as was an-

ticipated, but upwards of two hundred such guests were received

and entertained, all of Avhom gave most enthusiastic recognition

of what was done for them by their American liosts.

Letters of thanks have been received from the representatives

of foreign societies, expressing their indebtedness to this Society

for the maintenance of the headquarters both in this city and

in Chicago.
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The attractiveness of the auditorium iu its changed dress lias

so commended itself to all who have visited it, that the Council

has directed that the previous arrangement of permanent seats

be replaced by the more flexible and homelike arrangement

which the members now see.

The Council would further report the consummation of all the

business connected with the conduct of the Mechanical Section

of the Engineering Congress ; the publication of all the papers

of that section has been completed, and the membership will

receive notice of the procedure by means of which the papers

read before the other sections can be procured. The unusual

size of the fourteenth volume of Transactions, which contains the

proceedings of that Congress, explains the slight delay in its

issue, which has been further retarded by the necessity for the

interchange of matter for that volume between this country

and Euroj)e.

The Council has also received from the representatives of its

own especially appointed Committee the report of the procedure

undertaken for the return of the courtesies which were shown
to the representatives of this Society on the occasion of their

visit to Europe in 1889, and of those who were able at that time

to accept the invitation of the Institution of Civil Engineers of

Great Britain and the Civil Engineers of France. The text of

the report of this Committee is also made an appendix to the

report of the Council.

Pursuant to action at the last annual meeting, the Council

appointed a Committee on Standard Thickness for Uncoated
Metal in Sheets and Plates, consisting of Messrs. Towne, Egle-

ston, S. S. AVheeler, Oberlin Smith, S. T. Wellman, and Geo. M.
Bond.

Gifts to the Society have been received during the year, of a

model of the Ericsson Monitor, presented by Thos. F. Rowland,

and a model of the steam yacht Reverie, with drawings of its fit-

tings and construction, from Stephen Wilcox and G. H. Hill-

man. A portrait in oil of Joseph Harrison, builder of some of

the earliest locomotives, and identified with much early Ameri-

can engineering, as well as with the boiler which bears his

name, has been received from his widow, through the kindly

interest of Mr. H. H. Suplee, his nephew. It now hangs upon
the wall of the auditorium, and suitable letters of thanks have

been forwarded to the donor.
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Especial interest attaches to the loan, which has received the

central place of honor in the auditorium, of an oil portrait of

Robert Fulton, the first successful practitioner of steam naviga-

tion in this country. This has been loaned to the Society by its

owner, Mr. Alanson Gary, and the particular feature of interest

is that it is said to be the work of Mr. Fulton's own hands.

An interesting bust of James Watt has also been added to the

Society's collection, through the kindly interest of Mr. Erwin

Graves, member of the Society.

The Council has been gratified to recognize the honor con-

ferred upon American mechanical engineering and upon this

Society in the selection of its member and former vice-president,

Mr. John Fritz, by the Iron and Steel Institute of Great Britain,

to be the recipient of the Bessemer medal this year, and in his

election to honorary membership in that institute. In an

appendix to this report is the minute which was forwarded by

action of the Council to the Iron and Steel Institute.

By action of the Mechanical Section of the Engineering Con-

gress, convened at Chicago in connection with the Columbian

Exposition, certain matters were referred to the Council.

It has been deemed inexpedient to comply with the request

from this meeting that this Council appoint a Committee to

co-oj^erate with the Committee of the American Railway Master

Mechanics' Association, for the purpose of carrying out a test at

the laboratory of Purdue University of one simple and one com-

pound locomotive.

It was the sense of the Council that while scientific investiga-

tion of fundamental data and principles would be an important

and useful function of the Society, it was, on the other hand,

very unwise for the Society to enter upon investigations by an

appointed Committee upon issues which could be made matters

of controversy by parties commercially interested, and which

would involve the Society, through its representatives, in an

apparent alliance with one or another manufacturing enterprise.

The Council desires to express its thanks and recognition

to Mr. G. C. Henning, member of the Society and Secretary of

its Committee on Standard Methods of Test, for the services

rendered to t\w Society as delegate to the International Con-

ference on this subject at Vienna. Mr. Henning has attended

this Conference without charge to the Society for his time, and

at but a moderate outlay for his expenses.



NEW YORK MEETING. 11

The Council has preseuted for action by the membership the

amendment to Article 18 of the Eules, of which notice was given

under the Eules at the last annual meeting.

At the end of the present Article 18 add as follows

:

" And the Couucil sliall, at its discretion, have power by a unanimous vote at

a reguhxr meeting to remit the fee for Life Membership in whole or in part, in

the case of any person who shall have been not less tlian ten years a full member,

or an associate in good standing.'"

The new article will therefore read as follows

:

"Art. XVIII. The initiation fees of members and associates shall be $25, and

their annual dues shall be $15, payable in advance. The initiation fee of juniors

shall be $15, and their annual dues $10, payable in advance. A junior, being

promoted to full membership, shall pay an additional initiation fee of $10. Any
member or associate may become, by the payment of $200 at any one time, a life

member or associate, and shall not be liable thereafter to annual dues, and the

Council shall, at its discretion, have power by a unanimous vote at a regular

meeting to remit the fee for Life Membership in whole or in part, in the case of

any person who shall have been not less than ten years a full member, or an

associate in good standing."'

There has been favorable action by the voting membership
during the year upon 117 applications for membership in the

several grades.

The losses by death have been as follows :

James Morgan, J. F. Haskins, Jas. H. Fitts,

W. J. Root, Moses G. Farmer, Edward S. Moflfatt,

W. H. Patton, C. B. Cottrell. E. V. Clemens,

J. F. Webster, J. C. R. Gemmell, Arthur F. Wendt,
A. T. Woods, Robert Whitehill, W. T. Nicholson,

Stephen Wilcox, Johann Bauschinger, J. I. Veeder.

The present membership, including those elected at this meet-

ing and favorably acted upon by the voting membership, is 1,650,

and is distributed among the grades as follows

:

Honorary members 17

Life members 54

Members 1,317

Associates 77

Juniors 239

1,650

The Council would also present the report of its Tellers to

count ballots for members elected since the last meeting :
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REPORT OF THE TELLERS OF ELECTION.

The undersigned were appointed a committee of the Council,

to act as Tellers (under Rule IB), to scrutinize and count the

ballots cast for and against the candidates proposed for member-
ship in the American Society of Mechanical Engineers, and

seeking election before the Twenty-eighth Meeting, New York,

1893.

They have met upon the designated days, in the office of the

Society, and have proceeded to discharge their duty. They
would certify, for formal insertion in the records of the Society,

to the persons whose names appear on the appended list, to

their respective grades.

There were 598 votes cast of the blue ballot, of which 27 were

thrown out because of informalities (the members voting having

neglected to indorse the sealed envelope).

William H. Wiley,

C. W. Hunt,
Tellers of Election.

Crawford, Robert,

Estrada, Esteban Duque,

Keep, William J.,

Kirk, William Fell,

Klein, John S.,

AS MEMBERS.

Mason, William B.,

Melville, George W.

,

McFarlaud, Walter A.,

Nordberg, Bruno Victor,

Parsliall, Horace Field,

Parinton, Arthur James,

Satherberg, Carl Hugo,

Waitt, Arthur Manning,

Wheeler, Fred. B.,

Wilmore, John Jenkins.

AS ASSOCIATES.

Baker, George 11.,

Frevert, H. F.,

Garfield, Lyman Morse,

Prosser, Thomas, Jr.

FOR PROMOTION TO FULL MEMBERSHIP.

Foran, George Jesse,

Grist, James Edmund,

Torrance, Kenneth,

Wiggin, William H.

Beals, Albert E.

,

Carpenter, Henry Albert,

Qoetz, Victor J.,

Hoxie, George L.,

AS JUNIORS.

Johnston, William A.

Jones, Richard O.scur,

Marble, Harry Mills,

Piers, Frank,

Reid, Joseph Snively,

Respectfully submitted by

Russell, Edmund Allen,

Rutherford, Walter M.,

Stanley, Alexander Welch,

Van Trump, ('. R.

The Council.



I

I

NEW YORK MEETING. 13

APPENDIX I TO KEPOET OF COUNCIL.

MINUTE TO THE IRON .A.ND STEEL INSTITUTE OF GREAT BRITAIN.

It having come to the knowledge of the Council of The Amer-
ican Society of Mechanical Engineers that the Iron and Steel

Institute of Great Britain has recently bestowed upon a member
and ex-vice-president of the Society the " Bessemer Medal " for

1893, the Council avails itself of this occasion to tender its

congratulations to Mr. John Fritz on the receipt of such a

well-merited and distinguished honor, from his friends beyond

the sea.

The Council desires to commend the excellent judgment of

the Iron and Steel Institute in selecting for this honor one who,

by his genius, skill, and industry through many years, has done

so much toward the improved metallurgical processes, and
especially in the construction of the mechanical appliances now
in use in the manufacture of iron and steel in this country, as to

have materially aided in making this industry the important

one it now is.

That in conferring the " Bessemer Medal " in this the year of

our " Columbian Exposition " upon an American engineer, the

Institute has in a pleasant way added further evidence of the

kindly feelings and hearty good-fellowship which in so many
ways has of late marked the action of engineering societies and

engineers in this country and in Europe, and we cannot but

believe courtesies like this tend to a closer union of engineers in

all lands ; that while it is the mission of our profession to

compel the rude forces and materials of nature to contribute to

the welfare and comfort of mankind, it is their mission as well

to bring in closer touch nations and individuals, and in this way,

aiding in a degree it would seem no other profession can, to

bring about those better days which in all ages past the world

has hoped and struggled for.
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APPENDIX IL

SUMMARY OF REPORT CONCERNING THE ENTERTAINMENT BY AMERI-

CAN ENGINEERS OF THEIR HOSTS OF 1889.

At a meeting of the Council, held in New York city, August

12, 1891, a Committee was appointed to consider the question of

the procedure to invite the English and French engineers to

become the guests of the American engineers during the World's

Fair.

This Committee reported at the meeting, October 15, 1891, a

plan for the scope of such entertainment, and a letter was ad-

dressed to the sister engineering societies. The first meeting for

conference was held Aj^ril 18, 1SU2. Meanwhile invitations had

been sent to the engineers of all Europe to visit America for the

Congress of Engineering, and it was the opinion of the confer-

ence meeting that two distinct obligations were laid upon the

profession. The first was an entertainment by the American

societies of all European engineers, and the second was an enter-

tainment by those engineers participating in the excursion of

1889, of those who were then their hosts. For these separate

functions two separate committees were appointed, by action of

the Council, July 2, 1892.

The joint Committee appointed under this resolution held sev-

eral meetings during the spring and autumn of 1892, and on

January 20, 1893, issued a circular to the members of the party

of 1889, in which, in the name of the four national engineering

societies, they requested subscriptions for the purpose of the

return of the courtesies of that year. Subscriptions were

received from members of this party, aggregating a sum in the

neighborhood of $7,000, of which a portion was at once paid in.

Correspondence was tliercforc commenced with the Secretary of

the Institution of Civil Engineers of Great Britain, and the So-

ciety of Civil Engineers of France. It became manifest, as the

spring advanced, tliat the exertions of Mr. Forrest, Mr. Dredge,

and Sir Benjamin Baker (the two latter honorary members of this

Society), by personal letter and by circular of inquiry, would not

result in the gathering together of a party of British engineers

of any size to visit America in a body; strenuous exertions to
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bring this result about on the part of the Committee proved

fruitless, aud a plau of au entertainment to include the British

engineers had to be reluctantly abandoned.

The Marquis of Chasseloup-Laubat, a member of the French

Commission to the Columbian Exposition, aud also a member
of the French Society of Civil Engineers, had made definite

arrangements for the visit of the French engineers, pursuant to

the invitation of the Committee, and had secured a party forty-

six in number, of gentlemen alone, for the trip to the United

States. The entertainment given in the name of the Eighty-

niners, therefore, expended itself upon the courtesies shown this

party of French engineers. A brief outline of what was done
embraces the following programme :

*

GENERAL PROGRAMME OF THE VISIT OF THE FRENCH ENGINEERS
TO AMERICA AS GUESTS OF THE EIGHTY-NINERS.

Saturday, August 26 Leave Havre on La Champagne.

Sunday, September 3 Arrive at Morton Street Pier, N. Y.

September 3-September 7 Guests of New York Welcome Committee.

Monday Bridges and Park Drive.

Tuesday Tbe city.

Wednesday The river and harbor.

Thursday The respite for business,

B^day, September 8 Special Complimentary Train to Niagara.

Saturday, September 9 At Niagara. Leave by Special Train for

Chicago.

September 10-19 In Chicago. (Auditorium.)

Tuesday, September 19 Leave for St. Louis.

Wednesday, September 20 In St. Louis and leave for Pittsburgh.

September 22, 23 In Pittsburgh. (Monongahela.)

Sunday, September 24 En route for Washington, D. C.

Monday, September 25 In Washington. (Ebbitt.)

September 26, 27 In Philadelphia. (Continental.)

Thursday, September 28 Arrive New York.

Friday, September 29 Final day in New York city.

Saturday, Sept. 30, to Sunday, Oct. 8. . .En route for Havre.

Of this programme the Committee assumed the burden oi

entertainment at Niagara and at Detroit, and also bore a por-

tion of the entertainment of a small group of the guests who
made a side trip into Canada after the departure of the main

body for home.

* Appended to the original report was a list of the party, badge, sample pro-

gramme, etc., etc.
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The fact that the itinerary of the French engineers was
arranged by a representative of theirs, rather than by the

representatives of the Committee alone, made necessary a

change in the position of the Committee from that which they

had taken in their original circular. Following the precedent

of 1889, it was the plan of the Committee to show attention to

the party on their way from the seacoast to the Exposition, and

to leave them to return eastward as they might find convenient.

The policy of keeping the entire party together during the

entire round trip made it necessary that the cities visited on

the return should also bear a portion of the burden of enter-

tainment. Tlie Committee therefore directed that the subscrip-

tions received from residents in or near Pittsburgh, Chicago,

St. Louis, Washington, and Philadelphia should be returned

to the subscribers, to enable them to meet this call. There

was therefore returned to subscribers, either in cash or in

promises, as follows

:

Chicago $7.05 00

Philadelphia 670 00

Pittsburgh 2o0 00

St. Louis 150 00

Washington 25 00

Total $1,850 00

The actual outlay of the entertainment at the East and to the

West was, therefore, borne by New York city and state, and by

New England.

The entertainment in New York city consisted of a luncheon

at the Engineers' Club, a drive through the parks, a visit to the

Elevated Kailroad system, to Brooklyn Bridge, and the Grand

Central Station terminal, with a lunch at the Cafe Savarin ; and

on the third day a trip around tlie liarbor, with a luncheon, on

the Fall River Company's steamer Puritan. The party was

then dispatched by special train, complimentary from the New
York Central and Hudson River Railroad (except as to the

dining cars), to Niagara, thence, via Detroit, to Chicago, when

the responsibility of this Committee was held to cease, save so

far as the minor entertainment at Boston was concerned, upon

the completion of the main trip. The entertainment com-

menced September 3, and ceastjd September 10. The party

returned to France September 30.
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The report of the receipts and disbursements of the Com-
mittee is as follows

:

Total amount cash received from subscribers $5,114 50
• cost. New York tntertainment |1,2S2 52

cost. Niagara. Detroit, and Chicago 788 66

cost. Boston entenainment (borne by this fund) 98 90

cost, general expeuses 266 36

cash sabscriptions paid iu and refunded to subscribers 270 00

cash on hand to balance 2.408 06
^--- ?;5.114 50

This cash balance wiQ be refunded to the subscribers in the

form of a dividend in proportion to their subscription of 4S^-, to

which has been added an extra dividend of two dollars apiece

to each subscriber.

There remain a few uncollected subscriptions to the fund,

amounting to a sum between five and six hundred dollars, from

twelve members of the party, and from many of these letters

have been received requesting that they may be excused from

redeeming their subscription, as it is not needed ; and, therefore,

as this sum is less than lO'? of the total, the Committee does not

expect to press for its payment.

The Committee would request, therefore, that with the com-

pletion of the duty committed to it, said Committee be dis-

charged.

APPENDIX III.

FROM THE COUNCIL OF THE AMERICAN SOCIETY OF MECHANICAL
ENGINEERS TO THE MEMBERS OF SISTER SOCIETIES OF ENGI-
NEERS IX EUROPE, SOUTH AMERICA, AND THE COLONIES.

New York City. U. S. A., April, 1893.

Dear Sir,—The President and Council of the American Society of Mechanical

Engineers, supplementing the general invitation already extended to foreign

engineers visiting America in r893, by the four national societies of American

engineers, hereby invite yon, as a representative of the engineering profes-

sion, to avail yourself of the lio.^pitalities of its house in New York during your

stay in ihis city.

During ;he season of the Columbian Exposition the Society will maintain in

its house a bureau of information for its foreign guests, connected with which

will be a linguist familiar with foreign languages, and thus better qualified to

assist the visitors unfamiliar with either the language or customs of this coun-

try. It is proposed a'so to furnish visitors with information concerning places

of engineering interest which they may desire to visit, and concerning also the

best methods and the approximate expense of reaching them.

2
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You are further invited to make use of the house of this Society as a place for

professional or business appointments, and to use it, if desired, as an addret-s

for letters and telegrams, although, as a rule, the more customary practice of

utilizing the services of your banker for this purpose is preferable.

As a representative of one of the principal branches of American engineering,

this Society will always extend a cordial welcome to visiting engineers from

abroad, and desires especially to promote the convenience and comfort of those

who may visit the United States during the World's Columbian Exposition in

1893, among whom we hope to learn that you are included.

On behalf of the President and Council,

Very respectfully,

F. R. HuTTON, Secretary.

At the close of the Keport of the Council the second order of

business was the report of the Finance Committee, which was

as follows :

The Finance Committee of the American Society of Mechani-

cal Engineers would respectfully report to the Council the fol-

lowing statement of Receipts and Disbursements on behalf of

the Society, under their direction, during the year from Novem-
ber 1, 1892, to November 1, 1893 :

ANNUAL REPORT.

RECEIPTS.

Initiation Fees $3,190 00

Current Dues 20,141 77

Past Dues 751 70

Advance Dues 243 10

Sales of Publications 1,447 46

Binding 20 00

Rent, Parlor and Hall 410 00

Badges 640 25

Engraving 82 61

Life Membership (Bonds Surrendered) 2,100 00

" (Cash) 900 00

Contingencies 35

Postage and Express 11 05

Intere.st on Investment 512 50

Gift (Bonds) 900 00

House Supplies and Furniture 145 34

Cliicago Headquarters 3,442 45

Certificates CO

Office Expenses 2 05

Cash in Treasurer's hands Nov. 1, 1892, as per last re-

port 1 ,628 44

Interest on Balance in Savings Bank 95 26

Total $35,663 83
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DISBURSEMENTS.

General Printing and Stationery $1,783 83

Reprints and Publications 4,684 45

Postage and Express 1,610 83

Salaries 6,101 00

Office Expenses 578 79

Engraving 1,366 60

Contingencies 119 40

Binding 1,394 00

Meetings 598 43

Work of Comiuittees 355 73

House Supplies and Furniture 945 16

Badges and Certificates . 649 70

Traveling 250 00

Insurance and Safe Deposit 44 00

Rent, Interest, and Taxes 2,297 90

Investment, Bonds rec. as L. M. . . . 2,100 00

" " " Gift 900 00

Interest Savings Bank Deposit 95 26

Library 273 07

Headquarters, Chicago 2,000 00

12 West 31st Street, New York City 156 00

On hand to balance. Bonds bought and

held as an investment $7,200 00

1

Cash in Treasurer's hands Nov. 1, 1893. .. 159 68 f
'

Total $35,663 83

In explanation of and comment on the above report, the Com-
mittee begs to call attention to the fact that this is the close

of the second year since an increase of $5 per annum was

made in the dues of all members. It will be noticed that the

total received from dues, sales of publications, etc., is $27,131.38,

and by summing up all the expenses of running the Society

they are found to reach a total of $23,019.90, showing that the

income of the Society from dues and other sources, exclusive of

initiation fees and life memberships, is in excess of the running

expenses by 84,111.4'^, leaving receipts from these latter sources

to be invested as capital from which the Sociefry can derive an

income.

The surplus this year, amounting to $7,232.90, has been de-

voted to the purchase of bonds issued by the Mechanical

Engineers' Library Association for the purchase of real estate

owned by that association, and it is the use of the surplus in

this way which explains why the cash in bank has been drawn
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down to the comparatively small sum which appears in the

report. These bonds bear interest at 5fc, and are held by

the Council as an investment.

There have also been received in exchange for life mem-
bership similar bonds to the amount of $2,100, and nine

bonds to the amount of $100 each have been presented to the

Society by the following gentlemen : Sumner Hollingsworth,

$600, and Henry K. Towne, $300. This makes, with the $5,700

reported as belonging to the Council a year ago, a total of

$16,100 worth of bonds held by the Society as an invested fund,

this being one-half of the entire amount of the bonds issued in

the purchase of the Society house.

There has also been received, in response to a special call for

subscriptions, the amount of $2,442.45 for the expenses of the

Chicago headquarters for use of the members of this Society

and their professional guests during the Columbian Exposition.

The quota requested from this Society was $2,000, which sum

has been paid to the Treasurer of the Committee of the Asso-

ciated Engineering Societies, and the balance of the fund re-

mains in the possession of the Society.

There also stands to the credit of the Society, in the Bleecker

Street Savings Bank, $1,293.85, and in the Merchants' Clerks'

Savings Bank of this city the sum of $1,160.38, making a fund

of $2,454.23 to be devoted to the purchase of books for the

library.

The expenses under the "Work of Committees are this year

heavier than usual, by reason of the appropriation made at tlie

last annual meeting for the expense of a delegate to the Inter-

national Congress at Vienna on Unification of Methods of Test-

ing Materials. The expense on this account borne by the Society

was $238.91, the balance of the sum necessary ($72.09) being

met from a fund contributed some years ago for the use of this

Committee. The other items of exjjense in this account were

traveling and other expenses of the Committee to report a Stand-

ard Method of Testing Locomotives.

There remain outstanding against the Society for the year

which has just closed an unpaid bill of Messrs. J. J. Little & Co.,

for printing the volume of the Transactions which has not as

yet been distributed, amounting to $2,332.10, for the payment of

which there has not been sufficient money in the treasury at any

one time, since the business depression has made collection diffi-
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cult. There is also outstandiug the sum of $750, due the Mechani-
cal Engineers' Library Association for rent. It will be readily

understood that the Finance Committee has found collections

difficult since last July, and the existence of this indebtedness,

concurrent with a surplus of receipts over expenditures, as

shown by the statement, is explained by the fact that the large

purchase of bonds was effected before the business depression.

The uncollected dues for the year just ended also, for the

same reason, are slightly larger than usual, and amount to

SI.823.23 from 159 members. There is every probability of all

this amount being collectible, and the indebtedness referred to

will be wiped out as soon as the bills for the current year fall in.

Respectfully submitted by

The Finance Committee.

report of library and house committee.

The House Committee of the Society, intrusted with the

duties of superinteuding the interests of the library, which is

maintained by the Mechanical Engineers' Association as part of

the consideration which passes between the two organizations

in their relations as landlord and tenant, beg leave to report

:

That the use of the library by students and other readers, as

well as by the members of the Society, has steadily increased.

A register of those who make use of it shows that its privileges

have been enjoyed by over two thousand persons during the

year, particularly in the evening and upon holidays. The Com-
mittee makes a special point of keeping the library open at

these times, when the absence of demands of other business

make it possible for those closely engaged to avail themselves

of the privileges extended.

During the winter of 1893 a number of members arranged to

assemble on stated evenings for profit and entertainment, the

evenings closing Avith a social reunion. The topics of the 1893

evenings were "The Geography of the Moon," the "Buildings

of the Columbian and other Expositions," "The Orchestral

Phonograph," and one evening of music and recitations. These
reunions were in no sense meetings of the Society, and their ex-

penses were entirely borne by those in attendance and who
looked after their details.

A movement is now on foot to carry out in a similar informal
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manner a series of meetings at which some matter of professional

interest shall be a topic of discussion. It should be understood

that both these series of reunions are individual affairs, and

have no official relation to the Society as an organization.

The report of the finances of the Mechanical Library Asso-

ciation is made to the entire membership of the Mechanical

Engineers through the channel of the House and Library Com-
mittee, and is appended to this report.

The sleejiing apartments upon the upper floors of the Society's

house have been abundantly used during the entire year, and in

some cases the demand for this accommodation has far exceeded

the supply. The plan of having apartments of this sort at the

service of non-resident members has been very popular and has

been warmly supported, and will be continued as a feature of

the Society's life. Those who make use of these facilities find

themselves enjoying all home comforts, and the opportunity for

meeting their professional brethren in a way which has proved

most enjoyable. The income from this source, which passes to

the credit of the Library Association, will be seen to reach

nearly the sum of $1,200.

LIBRAKY ASSOCIATION.

ANNUAL REPORT OF THE TRUSTEES OF MECHANICAL ENGINEERS'

LIBRARY ASSOCIATION, 1892-1893.

The summary of Receipts and Disbursements of the Trustees

from November 1, 1892, to November 1, 1893, is as appended

below

:

RECEIPTS.

Balance on hand November 1, 1893 $775 62

Receipts.—Follovvsliip Fund $414 00

Sinking Fund 770 50

Library Permanent 73 65

Office Rent 3,210 00

Room Rent 1.193 10

Equipment 1 95

JJontof Roof 25 51

Total Receipts, 1892-1893 $5,688 71

Total Cash, 1892-1803 $6,464 33
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DISBURSEMENTS.

Interest on Mortgage $1,485 00

" Bondts 1,595 GO

Salaries 840 00

House Supplies, etc 285 75

Fuel 249 00

Lighting, gas, $149,62 ; electric, $494.57 .... G44 19*

Equipment 451 50

Laundry 285 00

Repairs 119 95

Book purchase 132 85

Contingencies 90 55

Total Disbursements $6,178 79

Cash in Bank to balance 285 54

$6,464 33

ASSETS.

House and Lot No 12. West 31st Street, New York City. $65,000 00

Furniture and Equipment 5,000 00

Books and MSS 10,000 00

Total , $80,000 00

Bills receivable (Office and Room Rent), uncollected. . . . 1,214 60

Bills receivable (Subscriptions to Fellowship Fund),

uncollected 69 00

Bills receivable (Subscriptions to Sinking Fund), uucol-

lected 305 50

Total Assets $81,589 10

LIABILITIES.

First Mortgage, held by N. Y. A. of M $33,000 00

Second Mortgage, held Ijy Members of A. S. M. E 15,900 00

Second Mortgage, held by Council of A. S. M. E. as an

investment 16,100 00

65,000 00

Excess of Assets over Liabilities $16,589 10

At the close of the report of the Council, the Tellers appointed

at the previous session to count the ballot for officers to be elected

* Electric light for nine months only.
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by letter ballot in advance of this meeting, presented, tlieir report

as follows

:

December 5, 1893.

The tellers of election to count the ballots for oflBcers of the Society for the

ensuing year present the following report

:

Whole number of ballots cast 581

President Eckley B. Coxa 580
" Scattering

Vice-Presidents C. E. Billings 580

" " Percival Boberts 580

H. J. Small 581
" " Scattering

Treasurer William H. W^iley 581
'

'

Scattering

Managers John B. Herreshoff 582

L.B.Miller 578

W. S. Russel 580
" Scattering

There were twenty votes cast out by reason of informalities (the members

voting having neglected to indorse the sealed envelope).

Respectfully submitted,

J. H. Webstek,
Charles W. Barnaby

i Tellers of Election.

The amendment to the rules presented by the Council, under

the provisions for such amendments, was presented for considera-

tion. In its original form the amendment as amended was read

by the Secretary

:

At the end of the present Article XYIII. add :

"And the Council shall, at its discretion, have power by a unanimous vote at

a regular meeting to remit the fee for Life Membership in whole or in part, in

the case of any person who shall have been not less than ten years a full

member, or an associate in good standing; provided that due notice of the pro-

posed action shall have been given to the Council at the regular meeting preced.

ing that at wliich the action is to be taken."

In answer to an inquny by one of the members as to the inten-

tion of such amendment, and the reason why it was necessary,

the Secretary, at the request of the Chair, made the following

explanation :

I^rof. F. R. Ilutton.—About a year ago one of the most

honored members of tlie Society and a Vice-President, since

deceased, withdrew from the Society. Tlie reason for that

withdrawal was that, by increasing age and infirmity, ho did not
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feel that he could remain in active connection with the Society,

and continue to pay its dues. His connection with engineering

in this country was so intimate, so distinguished, and so close

that the Council regretted that the necessity should arise for his

severing his connection with the Society for any such reason.

The question was agitated whether he should be elected to hon-

orary membership. There seemed to be reasons why that was

an undesirable precedent, and the policy of making honorary

members for this reason seemed to be one which the Council

hesitated to adopt. What was desired, therefore, was that there

should be created for persons of this sort—and there were several

—a grade which should be the equivalent of a retired list, in

which members who had been for ten years or more identified

with the Society—charter members of it, perhaps—should be re-

tained upon the Society's rolls, their interest and the prestige of

their names still attaching to the Society, without their being

exposed to the prohibitory requirement of the payment of full

yearly dues. The impossibilitv of election to honorary member-
ship due to the limitations imposed in the Rules to the number on

the honorarv list, and the fact that this difficulty might arise in

cases where election to honorary membership might not be the

wise and proper expedient to meet the case, were reasons why it

did not seem advisable to establish the precedent that such per-

sons should be put on the honorar}^ list. It is undesirable that a

retired list should be created by name, and it seemed that the plan

embodied in the amendment, if surrounded with the proper safe-

guards, was the most desirable way in which this particular diffi-

culty might be met. The occasion which started this amendment
has now passed away by the death of the honored member.
There are others, however, to whom the same policy would ap-

ply. In order to surround it with safeguards, there are provis-

ions, as the members will notice, that this can onl}'^ be done by
unanimous vote ; that it can only be done at a regular meeting;

that it can only be done in the case of those who have been at

least ten yeai's in the Society—no doubt, in time, that limit could

be extended—and that due notice shall have been given of such

proposed action in advance, so that none but a representative

meeting of the Council shall ever give this privilege, and only

where the conditions are such that it would be perfectly wise and

safe to do it. That is the occasion of the amendment.
The President.—I wish to say that when I first saw this
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amendment it did not strilj:e me as a proper one. But when I

heard the particulars of the case which it was intended to cover,

it almost brought tears. None of us know w^hat may happen to

us when we are sixty-five or seventy, and to contemplate that a

man who had stood high in the profession, has been an honored

member of this Society, could be dropped from the rolls because

he had a stroke of apoplexy which prevented him from earning

his bread, makes us feel that there ought to be some way of cover-

ing such a case. Of course, you cannot have a list of men who
cannot pay their dues.

Mr. W. S. Eogers called attention to the possibility of a mis-

understanding which mio'ht follow from the use of the word " re-

mit" in an unusual sense in the amendment as proposed, where-

upon the amendment was withdrawn, to be recast into a less ob-

jectionable form, and it was presented at the next session in the

following resolution

:

Resolved, that there be added at the eud of Article XVIII. of the Rules, the

following words

:

" And the Couucil shall have the power, by an unanimous vote, at any regular

mef'ting, to admit to the grade of Life Member, without the payment in full, or

in part, of the sum above named, such persons as for ten years or more have

been either a full Member or Associate, and who, in its judgment, are entitled

to this grade. Provided, that notice of such intended action shall have been

given at a previous meeting."

In its amended form, the amendment was passed unanimously.

At the Chicago meeting, when the Society was in session as

Section " B " of the Engineering Congress, a report of its Com-

mittee on Standard Methods of conducting Tests to determine the

Efficiency of Locomotives was presented, read, and discussed.

In view of the fact that this was a public meeting at Chicago,

embracing members outside of the Society, it did not seem proper

to have that meeting take action u])on this report, so that such

action was deferred until this annual meeting. The report was

presented on behalf of the Chairman by title, and the following

resolution was offered, duly seconded, and carried unanimously :

Resolved, that the Report of the Committee to recommend a Standard Method

of Test of Efficiency of Locomotives be accepted and printed in the Transitctions

as tlie recommendation of that Committee.

Resolved, that the Committee be discharged with the thanks of the Society.

A similar procedure was followed with respect to the report of

the Society's Committee on Standard Diameters of Flanges in
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Valves and Pipes. It was presented on behalf of the Chairman

bv title, and the following resolution was offered and seconded

and carried :

Resolved, that the report of the Committee to recommend Standard Sizes for

Flanges of Pipes and Valves be accepted and printed in the Transactions as the

recommendation of the Committee, and further, that the Committee be discharged

with the thanks of the Society.

The Committee on Uniform Standards for Test Specimens and

Testing Materials presented no report, in view of the full pres-

entation made at Chicago, and, as the work of the Committee

was not completed, the Committee was continued without formal

action.

At the close of this routine business the President asked if there

were any other matters to be presented, and the session thereupon

took up the discussion of professional papers. Mr. A. K. Mans-

field presented the first paper, entitled "The Buckeye Engine

Valve Gear,'' which received discussion by Messrs. Pockwood,
Holloway, Kent, Hartness, Rogers, and Ball.

Prof. P. H. Thurston read a paper on " Maximum Contempo-

rary Economy of the High Pressure Multiple-expansion Steam
Engine," which was discussed by Messrs. Peabody, Ball, Rock-

wood, Scheflfler, Kent, and Denton.

The Society thereupon adjourned until the evening.

Third Session. Tuesday Evening, December 5th.

The session was opened by a paper by Mr. George A. Morison

on " Expansion Bearings for Bridge Superstructures," discussed

by Mr. G. C. Ilenning.

Mr. Barton Cruikshank read a paper on a " Device for Drill

Jigs," and Mr. F. A. Scheffler a paper on a " Curve Delineator,"

illustrated by the apparatus itself.

Prof. Thomas Egleston, Chairman of the Society's Committee

on Standard Thickness Gauges, presented, on behalf of the Com-
mittee, the following report

:

The Committee on Gauges respectfully report that they have carefully con-

sidered the matter referred to them, and they recommend that the thickness and

diameter of pieces to be measured shall be expressed in decimals, which would

imply the use of the micrometer screw gauge, or a permanent gauge derived

from it. The Committee is divided in its opinion as to whether this decimal

should be thousandths of an inch or hundredths of a millimeter.

Your Committee have conferred with other societies, and find that the Ameri-

can Institute of Mining Engineers, after considering the subject for more than a
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year, in which every known gauge was examined, in the year 1877 made a unani-

mous report in favor of the adoption of the micrometer screw as the best gauge

to be used by all manufacturers. Committees of the American Institute of Elec-

trical Engineers, and of the Electrical Light Association, as appears in the repoit

of tlie Society, at the last annual meeting made reports favorable to the same

subject. The American Society of Civil Engineers have as yet, we believe, taken

no action upon this subject, but expect shortly to do so. Your Committee are,

however, of opinion that all the engineering and scientific societies of this

country will join this Society if they adopt a decimal gauge.

At the first meeting of the Committee it seemed desirable that this matter

which is of so much importance, should be made as far as possible international.

Your Committee therefore decided to correspond with some of the societies in

Europe, the result of which is, that both the French and German societies are

found to be in favor of a decimal gauge. Both the French and German govern-

ments, at suggestions made by committees of your Society some years ago, have

adopted standards, and are favorable to the adoption of an international decimal

gauge. The Committee have learned incidentally that the highest authorities in

England are also favorable to the same thing. Correspondence with the engi-

neering societies abroad has failed to elicit a response from the Institution of

Civil Engineers, and the Mechanical Engineers of that country are not willing to

have the matter discussed in the Society unless it is brought before them

officially.

Your Committee therefore recommend that the subject be recommitted to

them, with instructions to correspond with the foreign societies, with a view of

adopting an international decimal gauge.

The German, Austrian, French, and Belgian societies will undoubtedly recom-

mend the millimeter as the basis. It is probable that the government otficials of

England, and probably some of the societies, will also recommend it, but without

official action by the Society your Committee finds itself unable to act oflBcially

in the matter.

All of which is respectfully submitted.

T. Egleston, Chairman,

For the Committee.

It was thereupon moved that the recommendation of the Com-

mittee be approved and the matter be recommitted to the Com-

mittee, with power to act in ])ursuance of its recommendation.

This was amended by motion that the matter be referred to the

Council, but the amendment was voted down, and the original

resolution was passed, that the report be accepted, and the

Committee be continued with power.

The paper by Mr. Fred. W. Taylor, "Notes on Belting," Avas

discussed by Messrs. Rogers, Nason, Cartwright, Lewis, Kent, antl

Towne.

Prof. E. C. Carpenter roj)oi'ted some experiments on the effect

of Water Ilammei', which was discussed by rrofessor Wood and

Mr. Nason.

The session thereupon adjourned.
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Fourth Session. Wednesday, December Oth.

This session was convened at 10 a. m., for professional papers,

and proved to be one of the most interesting of the meetings.

It was opened by a paper by Professor Carpenter, entitled " Con-

stants for Correcting Indicator Springs that have been Calibrated

Cold," and was discussed by Messrs. Henning, Coxe, Rockwood,

Porter, Barnaby, Almond, and Cary.

Prof. W, S, Aldrich presented a paper of similar type on the

" Use of the Indicator for Continuous Records in Dynamometric

Testing," discussed by Professor Carpenter, who also read his

second paper, entitled " Xew Porm of Prony Brake."

Prof, D, S. Jacobus then read a paper, entitled " Comparison

of the Mean Effective Pressures of Simultaneous Cards taken by

Different Indicators," discussed by Messrs, Carpenter and Rock-

wood. This was followed by a topical discussion as to the best

method of getting the average work of a steam-engine, operating

under wide variations of load, which was discussed by Messrs.

Piatt, Kent, Rockwood, AVebb, Durfee, Dutton, Ball, Cary, Low,

Ashworth, Richmond, and Carpenter. Other topical queries were

then taken up until the hour of adjournment, and covered the

subjects of Deterioration of Copper in pipes for Expansion Joints,

the Substitution of Pressure for Drop Forging in the Manufacture

of small stamped Articles of Metal, and a specially interesting

discussion on Packing for Rods and Plungers of Hj^draulic

Machinery.

This was participated in by Messrs. Rockwood, Graves, Coxe,

Durfee, Raynal, Emery, and Kent.

The evening of Wednesday was devoted to a Social Reunion

and Reception, with supper and dancing, held at Sherrv's, Fifth

Avenue and Thirty-seventh Street, at which three hundred per-

sons were present, and which was much enjoyed by all partici-

pating.

Fifth Session, Thursday, December 7th.

This session opened at 10 a.m. by the presentation to the So-

ciety of a portrait of Prof. Francis Reuleaux, honorary member
of the Society ; the portrait being the gift of H. H. Suplee, a

memh>er, and the work of Miss Suplee, his sister. The portrait

was hanging upon the wall, draped, and was unveiled at the close
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of the presentation remarks. The speech of Professor Thurston,

presenting the portrait on behalf of the donor, and of President

Coxe in accepting it, were as follows

:

Prof. R. II. Thurston.—I am requested by Mr. Suplee, a

member of this Society, to present to the American Society of

Mechanical Engineers a portrait of Dr. Francis Reuleaux, of

Berlin, Germany. It is not necessary to say very much of the

man
;
you will presently see it is not necessary to say very much

of the portrait ; and my task is very soon and very easily

performed.

Dr. Reuleaux, as you all are aware, has for many years been an

honorary member of our Society, and presumably our strongest

representative on the continent of Europe. I suppose he is

regarded by all the members of our Society, and by all his

colleagues at home and abroad, as being in the front rank among
the scientific representatives of our profession. If engineering is

a learned profession, it has in Dr. Reuleaux one of its ablest,

possibly its ablest, representative in Germany. The work which

Dr. Reuleaux has done for the profession of engineering generall}''

is well known to all. As an educator, as an author, as a scientist,

as an economist, he stands among the leaders in his own, or in

any, land. Dr. Reuleaux has been an educator—an educator of

engineers—for now more than a generation. His work has been

done mainly at Berlin, and he has built up there one of the

noblest technical schools on the continent of Europe. In the

course of this work he has stimulated the progress of engineering

education throughout the world. He has been a leading figure in

Germany. He has made his own an illustration of the best

modern technical school, and an example for the emulation of

leaders and organizers of schools all over Europe, and has in all

these various ways shown himself one of the greatest men in his

profession in our time. Those who have liad occasion to assist in the

building up of technical schools owe more, perhaps, to him tiian

to any other man in Europe. All who are engaged in the work

of education owe a gr-eat deal to Dr. Reuleaux for the lead he has

taken, for the grand work he has done, in developing the profes-

sional side of engineering (Mlucation, and in promoting every line

of engineering progress.

You are all familiar with his great book, Der Constructeur,

and with his other worlvs written eai'lier and later. Those who have

seen the models of kinematic movements desifi-ned bv Dr. Reuleaux
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will recognize in their proportions, in their classification, in the

method of their arrangement, the work of a great mind—a mind
of a strong logical order, the mind of a man who is by nature

fitted to be an engineer.

I have said that he is something of an economist. Some of 3'ou

may remember that at the Philadelphia Exposition of 1876 Dr.

Eeuleaux was one of the German Commissioners, and those of

you who have seen or read or heard of his Briefe aus Phila-

deJphie will remember that he criticised his own countrymen

severely, because they had not succeeded in placing beside the

exhibit of machinery in the United States section an equally

good exhibit from Germany ; and he fell into ill odor with many
of his own countrymen because of his frank report and his

honesty. But that he was, nevertheless, a great political econo-

mist is shown by the fact that, when the Germans made their

appearance at Chicago last summer, they placed in every depart-

ment of that great cyclopedic Exposition exhibits that compared

favorably with those of any country in the world, and the stimulus

given to the finer class of manufacture, to fine, conscientious,

good work, by the frank letters of Dr. Reuleaux has been seen by

all who have visited the Exposition this last summer.

I have known Dr. Reuleaux for noAV over twenty years.

Twenty years ago, visiting the Exposition at Vienna, I found him
engaged upon the work of the International Jury. As his col-

league I saw him daily, and became daily better and better ac-

quainted with him. I have spoken of him as an educator, as an

author, as an economist, but Dr. Reuleaux, as a man, stands head

and shoulders above Dr. Reuleaux as educator, as writer, as econo-

mist. He is one of the noblest of nature's noblemen, and no one can

have known him without having learned to love him ; and I enjoy

highest gratification in the thought that I am to-day afforded the

pleasure and the honor of presenting the portrait of such a man
—great, good, lovable—as a contribution to the gallery of the

xVmerican Society of Mechanical Engineers, and as a gift from a

member of the Society.

The portrait was painted by Miss Suplee, the sister of the

donor, and we are therefore indebted to the lady as well as to

our fellow-member, our colleague, for this most acceptable gift.

It was necessary that Miss Suplee, not being well acquainted with

Dr. Reuleaux, should paint this portrait mainly from photographs,

but she met her subject once at Philadelphia, and the lifelike touch
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by which we always recognize a real portrait will be here seen

as that given as a memory of her meeting with our noble friend.

It, therefore, gives me very great pleasure, Mr. President, to

tender to you, for the Society, in behalf of Mr. Suplee, the donor,

and of Miss Suplee, the painter of the portrait, this, which we
consider a a worthy contribution to the collection of portraits just

beginning to take form in our audience room ; and we hope that

this contribution "will be no less Avelcome than those that have

preceded it, and that the portraits now seen here will prove to be

only the beginning of a long and splendid list that shall in future

times worthily represent the talent, the genius, the honors, in

every branch of engineering, that shall be contributed through its

most distinguished members by our Society, to our country and

to the profession, at home and abroad.

President Eckley B. Coxe.—That it is a pleasure on my part, on

behalf of this Society, to receive this portrait, goes without say-

ing. As we look around and see the portraits which are about us

we realize the broad field of mechanical engineering. "While their

numbers are not great, they represent a very great number of

lines of work and thought. For example, there we have Professor

Rankine, representative of theoretical engineering, of high theory

applied to practical work, a man whose work did not come into as

great use in his lifetime as it did after his death, and to-da}' you

can hardly read any paper or listen to any number of papers upon

the subject of engineering where theory is discussed without hear-

ing him cited. Above liim here we have (pointing to nolle3''s

portrait)—I need not mention his name, gentlemen, you all

know it—showing what high talent, brilliant capacity did to make
commercialh^ successful the manufacture of steel and whatever

else he took up in this country. There we have Sir Henry Bes-

semer, and I could go in this way around the room. The por-

trait just ])resented is that of another type of c(k;cator. Professor

lieuleaux, as Professor Thurston has so well said, has taught the

teachers; the men wlio luive been founding tlie schools, the men
who have been studying the question of how to train the young

men, o'o to him. Put he is also a fi'i-eat teacher of students. As
some of you may remembei', he said a few words at (Miicago, and

they produced an imi)i'ession upon my mind. Tiiey proved the

great, broad, practical views of the man, wlio, from his books, one

might think would rather discuss theoi'etical (juestions and leave

them to be practically carried out by other pco])le. He said that
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what astonished him in the Chicago Exposition most was the

accuracy of measurement of the American machinist, and then he

made what was a very curious remark. He said, " Your people here

understand perfectly distinctly Avhat a thousandth of an inch is."

lie s;iid, "I am not talking about the professors or the experi-

menters, but in almost any good hardware shop in any large city

you can buy gauges that measure one thousandth of an inch.

Xow the fact that they sell them is very decided evidence that

somebody buys them, and the fact that people buy them all over

the country shows that there must be a very large number of your

l^ractical mechanics who are trained to measure thus closely.

I am not, of course, referring to the actual work done b}' them, for

everywhere first-class mechanics are to be found, but only to

their knowledge of accurate measurement." That showed that

the man not only was strong in the theoretical discussion of the

principles of mechanics, in the question of teaching students, but

he grasped the practical relations which those questions had in

every-tlay u'ork. Gentlemen, I could make a long speech about

it, but I would simply repeat what Professor Thurston said, and on

behalf of the Society, Professor Thurston, I tender to Mr. Suplee

and to his sister, Miss Suplee, our most earnest, heartfelt thanks

for this great addition to the portraits we have around us.

Professional papers were taken up at the close of the presenta-

tion, the one on " Steel Castings," by Mr. H. L. Gantt, receiving

discussion from Messrs. Durfee, Taylor, Piatt, Pearson, Royce,

Fritz, Almond, and Baker. The paper by Mr. William A. Pike,

on " Steam Piping and EfBciency of Steam Plants," was discussed

by Messrs. Walworth, Le Yan, Coxe, Pearson, Taylor, Sinclair,

Ashworth, Thurston, Durfee, Dinkel, and Baker. These discus-

sions proved so interesting that the session closed by Mr. C. II.

Manning's paper on the " Method of Manufacturing large Steam

Pipes."

Sixth Session. Friday, December 8th.

The Secretary announced the death of Prof. Johann Bausch-

inger, Munich, Germany, honorary member of the Society. The
papers of the morning were that by Mr. J. B. Stanwood, on the

" Strength of Rim-joints in Fly-band Wheels ; " by Prof. W. A.

Rogers on " Cumulative Errors of a Graduated Scale ; " by

William II. Francis, on a " Modern Disinfecting Plant," which

3
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was discussed by Messrs. Le Ysltq, Woolson, and Jacobus ; by W.
E. Crane, " Crucible Furnace for Burning Petroleum," discussed

by Messrs. Durfee, Henning, Cary, Woolson, and Torre}'' ; by F.

A. Scheffler, on " Test of a Boiler using Grates with small Per-

centage of Openings," discussed by Messrs. Cary, Cartwright,

Le Van, Carpenter, and Kent.

Professor Carpenter then read his paper entitled " Experimental

Determination of the Effect of Water in Steam on the Economy
of the Steam-Engine," which was discussed by Messrs. Le Van,

Ball, Jacobus, Barnes, and Scheffler.

A paper by Mr. David Guelbaum, of Syracuse, a non-member,

was introduced by the Secretary, on " Theory of Direct-acting

Steam-Pumps and its Results," discussed by Professors Sweet and

Jacobus.

Topical discussions were then taken up until adjournment.

They covered the subjects of " Method for Correcting for the

Superheating of Steam in Figuring a Boiler Test," " The Differ-

ence in Chimney sizes required for Boilers of ordinary Tubular

type and the Water-tube forms," " The best Form of Cylinder

Lubricators for Engines," " Safe maximum Speeds for Hoisting in

Overhead Traveling Cranes," " The Advantage of using a Circu-

lating Device for the Water in a Marine Boiler, and for grouping

the Tubes over the Furnace in such Boiler," " The Advantage of

a Forced Circulation of Air to prevent Decay of Work under Floors

near the Ground," " The Molecular Change in Metals when their

Temperature is Raised or Lowered," " The Factor of Safety in

Earthwork Dams," " The Best Form of Straightening Machine,"
" Sand-blasting as a Method of Producing Surface on Cast-iron on

Nickel-plating," " Japanning as a Method of Protecting Steel from

Corrosion," " Use of Diametrical Pitch for Large Gears," and
" Method of Determining the Cost of Manufactures."

The session closed with a discussion on " Non-conducting Cover-

ings," " The Factor of Safety for Steel Boilers," and " Improve-

ments in the Planimeter for measuring Areas of Indicator

Diagrams." " The Progress made in the Use of Aluminium for

Castings " was made a matter for extra reference in a supplement-

ary session held after the udjoui'nmont of the regular meetings.
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The afternoons of the clan's upon which the sessions were held

were left without assignment, for the members visiting New York

to attend to pei-sGnal business affairs, or to make such visits as

their inclination and mterest might dictate. This policy replaced

the usual one prevailing elsewhere, of providing official excursions

for the party as a whole.

The policy inaugurated in 1892, of having a light luncheon

serveil in the banquet room at the close of the professional sessions

of each morning, was maintained this year also with marked suc-

cess. It added to the pleasure of the members attending the

meeting's, and was the means of keeping together those who had

assembled for the discussion of papers. Many of the members
remained at the house for conversation and social intercourse dur-

ing the afternoons.

The list of places available for members to visit in New York
was as follows

:

I. Morgan & Quintard Iron Works.

II. Xortli River Iron Works.

III. Pond Machine Tool Works.

IV. Stevens Institute of Tecbnology.

V. Columbia College, School of Arts, Law, Mines.

VI. Columbia College, School of Medicine (College of Physicians and

Surgeons).

VII. Pratt Institute.

VIII. Washington Bridge.

IX. Shipyards and Works ; S. L. Moore & Sons Co.

X. World Building; Equitable Building.

XI. Metropolitan Museum of Art
XII. Museum of Natural History.

XIII. East River Gas Works.

XIV. Ball & Wood Engine Co.

XV. Power Houses, Broadway Cable Road.

XVI. Power House, 12oth St. Cable Road.

XVII. The Brooklyn Navy Yard.

XVIII. The Gas Engine and Power Co.
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PRESIDENT'S ADDRESS, 1893.

THE USE OF SMALL SIZES OF ANTHRACITE COAL FOR
GENERATING STEAM.

BY ECKLEY B. COXE, DRIFTON, PA.

(President of the Society, 1892-93.)

Gentlemen

:

—It seems proper, on an occasion of this kind, wlieu

it becomes my pleasant duty to make my first formal address to

the Society, that I should, if possible, call your attention to some

matters which, while of general interest to the profession, are in the

direct line of my ordinary work.

There is, perhaps, no subject of more importance to us all than the

generation of steam ; the field is, of course, a wide one, far too exten-

sive to be covered by an address of this kind. I might discuss the

question of the water used, its impurities, and the difficulties to be

encountered when pure water cannot be obtained ; I might discuss

the construction of boilers, or the erection of steam plants, or the

use of steam at high or low pressure, or the methods of conveying

steam and the methods of utilizing it, but before a body such as

this, composed of men much more familiar than I am with these

questions, remarks from me would, perhaps, be out of place.

But when it comes to the question of the fuel used, I enter upon

a field to which my professional life has been devoted. I shall ask

your attention this evening to some thoughts upon the use of cer-

tain cheaper fuels; viz., the small sizes of anthracite, which are

now coming into very general use for generating steam.

Some three years ago I was appointed a member of a commission

to investigate the waste of anthracite coal, and the question of the

utilization of these small sizes was studied with great care by us.

The subject was treated generally in a report made to the State

of Pennsylvania in May, 1893, and also in a paper which I read

before the American Institute of Mining Engineers at their August

meeting (1893), upon an "Automatic Stoker."

When I first remember the anthracite coal business, all the sizes
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below stove coa. were considered of little or no value. Chestnut

coal was used to a greater or less extent about the collieries for

making steam, but much of it was thrown away. It gradually be-

came a domestic fuel, and pea coal took its place for generating

steam. This size is gradually coming into use for domestic pur-

poses, and buckwheat coal is taking its place for steam. Two
smaller sizes, known as rice and barley, are already being used to a

large extent for the same purpose. The value or cost of these coals

decreases very rapidly with the size. I append herewith a table

showing the size and approximate cost at mines, and the sizes of

mesh over which or through which they are made.

TABLE I.

Size. Made Through. Made Over,
Approximate

Price at Mines.

Chestnut
Inch.

i

1

Inch.

i

1
A

2 75
Pea 1 25
Buckwheat 75
Rice 25
Barley 0.10

Note.—The above meshes are all round punched, and are the standards

adopted by Coxe Bros. & Co,, at the Cross Creek Collieries.

Another important point to be noted is, that the cost of transpor-

tation of the small sizes is less than that of the large. From the

mines to tide, pea coal is charged thirty cents, and buckwheat, rice,

and barley fifty cents less per ton than the domestic sizes.

One great difficulty encountered in the introduction of these

smaller sizes was the fact that, as they were of comparatively little

value, but little attention was paid to their preparation, and parties

who began to use them did not erect furnaces specially constructed

for the purpose, but generally burned them in their old plants,

sometimes changing the construction of their grate bars a little.

"While the size of the domestic coals made by the different com-

panies is practically the same, there has been a great difference in

that of the small coals and in the amount of impurities contained

in them. Formerly a large amount of culm was employed where

it could be obtained cheaply, but its use is diminishing for the fol-

lowing reason : What was formerly known as culm contained the

buckwheat, rice, barley, and in some cases the pea coal. Now,
however, the pea, buckwheat, rice, and in some cases the barley
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are taken out ; and the dust that remains, which forms what is now
called culm (although it may be still used by mixing with bitumi-

nous coal, or in a special furnace in which it is burned as dust after

being thoroughly pulyerized, or by making briquettes or compressed

fuel), is at present of no yalue alone and in its natural state for

generating steam.

As is well known to all those who burn anthracite, sizing is of

great importance. The coal burns only on the surface, and there-

fore, if the size is not uniform, the smaller particles clog the pass-

ages between the larger, and thereby preyent a sufficient quantity of

air from passing through the furnace. Some of those who haye

attempted to use buckwheat, rice, and barley have giyen them up,

because of the great want of uniformity in the results obtained.

The difficulty may be due to one of two causes, or both. First, to

bad sizing,, and second, to the presence of a large quantity of impuri-

ties. Experiments we haye made haye proyed that the percentage

of carbon when small anthracites are burned under proper condi-

tions, and not the size, is what determines the amount of water

evaporated per pound of coal ; and that the amount of water eyap-

orated per square foot of heating surface decreases with the size of

coal.

Cheap steam is the corner-stone of a large number of O'ur most

important industries, and nothing is more important in obtaining

it than cheap fuel. The enormous quantity of these small anthra-

cites we are now forced to make in preparing the larger sizes promises

to furnish to the northeastern and eastern states a clean and

economical fuel, which lends itself to mechanical handling far better

than any other known combustible. The only thing that prevents

eyery ton that can be produced from being used is the want of

knowledge of its peculiarities and of proper methods of determining

its value.

In many parts of Europe coal is sold based upon the percentage

of ash ; that is to say, coal is guaranteed to contain not over a cer-

tain percentage of ash, and the price per ton is reduced a certain

number of cents per ton for each additional unit of ash, and in some

cases the deduction in the price increases in a geometrical and not

an arithmetrical progression, as the percentage of ash increases. It

seems to me that it is of the greatest importance to the producer and

user of the smaller anthracites that they should be sold on this basis,

with an additional guaranty on the ]'>art of the producer as to the size.

It is not simply a question of the absolute size of these smaller
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coals, but also one of the relative size of the different pieces which

make up the aggregate ; that is to say, each size should be as nearly

uniform as possible. If we consider the coal to be made up of three

sizes, Nos. 1, 2, and 3, No. 1 being the largest size, a ton of

coal composed entirely of No. 2 would be much more valuable

than one composed of the three, although the quantity of No. 1 in

it might be greater than the quantity of No. 8. The smaller pieces

tend to stop up the interstices between the larger lumps and to check

the draft. It is one of the ])roblems in burning small coal to force

the air through a grate which will not let the coal drop, and through

the body of coal which is more or less compact. Of course, it is not

practically possible to have the size of the coal absolutely uniform,

but the producer should at least guaranty that a certain percentage

of the coal sold as rice should be of such size that it would pass

through a mesh of a specified diameter, and over a mesh of another

specified diameter. In other words, with the present light I have

upon the subject, if I were in charge of a large steam plant, burning,

say, 100,000 tons of rice coal per year, I would try to make a con-

tract which would require the coal to contain not over a certain

percentage of water and not less than a certain percentage of carbon,

or, what is practically the same thing for anthracite, not over a cer-

tain percentage of ash; and that a certain percentage of the average

daily sample of the coal would pass through a mesh of a certain

size and over a mesh of another size, and that the coal should not

contain more than a certain percentage of dust—dust being what

would pass through a mesh of say j\ of an inch in diameter.

Having reached these conclusions sometime ago, I have, with my
assistant, Mr. John E. Wagner, been studying the question of how
to determine, in a rapid, simple, and effective manner, by methods

which do not require scientific work except for the analysis of the

coal, the actual commercial value of any shipment of these small

sizes.

I shall now proceed to describe our methods for doing this work.

As we are producers to a much larger extent than we are con-

sumers of the small anthracites, although we burn between 100,000

and 150,000 tons per year at our collieries and works for generating

steam, we have taken up the subject with the view of controlling

our production as well as controlling our consumption, and I shall

describe our methods of doing the work, which can easily be

adapted by any one receiving coal in cars or boats to their special

case.
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The foundation of all such work is the obtaining of fair average

samples. This is done as follows:

At each of the collieries where the pea, buckwheat, rice, and bar-

ley are shipped, samples of each size are taken several times a day

from the loading lips as the coal is running into the cars. These

are put into four separate bins, one for each size. At the end of the

week the coal in each bin is thoroughly mixed, and is then sampled

by quartering down until we obtain about thirt}^ pounds, which is

sent in a strong canvas bag to the laboratory, thus obtaining from

each breaker an average sample

of each of the four sizes each

week.

The work of taking samples is

under the direction of the coal

inspector (one being stationed at

each colliery), who inspects all

the coal shipped. When cars of

small capacity are loaded, of

which there are not many now,

the samples are sometimes taken

from the top of the cars instead

of taking them from the lips as

the coal runs into the cars. With

cars of larger capacity the samples

are always taken as the coal runs

from the lips, getting in each case

a very fair average. In taking

samples from the top of the

smaller cars, eight or ten ordi-

nary buckets of coal are taken

from different parts of the car

without paying any attention to

the character of the coal at the

place it is taken. The coal from the buckets is placed on a plat-

form and quartered down until about one bucketful is obtained,

which is put in the bin. In the other case, where the samples are

taken as the coal runs from the lips, they are also ]>ut in a bucket

and carried to the proper bin. Each of the samples obtained may

be used for any of the live following operations:

First, Determination of size.

Second, Determination of the slate.

sizing screen.

Fig. 1.
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Third, Determination of the ash, involving, in some cases, an

analysis of the ash.

Fourth, Determination of the water.

Fifth. Rapid commercial determination of the specific gravity of

the coal.

Determination of Size.—The object of this operation is to determine

the exact size of coal which makes up the sample, as distinguished

from its nominal size. Fig. 1 is a sketch of the apparatus which

we employ. It consists essentially of a cubical box, the top and

one side of which are open, and into which slides a series of draw-

ers. We generally use five or six. These drawers are wooden

frames 1^ inches deep, about 12 inches wide, and 14 inches long.

The bottom is a sheet of perforated metal. The box rests upon a

circular base of wood, (7, which is coned at the bottom and has in its

center a pin, J5, with a spherical head, which works in a spherical

hole in the center of the wood base, A. When the pin is placed in

the center hole the box can be revolved easily, and in such a way
that the axis of the box describes a cone. This shakes the coal and

causes it to move from one side of the screen to the other, and as it

can be moved very rapidly, soon sizes the coal. When the drawers

have been placed in the box, a stick of wood, F^ is inserted as shown

in the sketch, thus preventing the drawers from sliding out. The
size of the perforations which we usually employ are:

For the upper screen, } inch round.

For the next lower, -^^ " "

For the next lower, | " "

For the next lower, -^ " '

For the next lower, -^^ or yV ii^ch round.

This makes, with the dust, six sizes. Of course, the number of

drawers and the size of the perforations can be varied to suit each

special case. If the coal is of the ordinary character, we can screen

about 15 pounds, or about one-half the regular sample brought to

laboratory, which is quartered down to obtain the amount necessary

to make the determination. It is not necessary to weigh the part

to be tested ; it is, however, necessary that the entire sample obtained

bv quartering down should be screened, otherwise you would not

have an average sample.

The coal is poured upon the screen, which is then gyrated. When
the operator is satisfied that the coal is thoroughly screened, each

drawer is taken out and the quantity in each drawer is weighed, and
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by simply adding together these weights, the total weight of the

sample is obtained. In this way the average percentage of each

size is easily found.

Determination of Slate.—While in large coal the percentage of

slate can easily be determined by taking the average sample, weigh-

ing out say 100 pounds of it, picking it over by hand and weighing

the amount of slate and bone found, it becomes very difficult to do

this with the smaller sizes of coal, as a magnifying glass must be

used. This is very trying on the eyes and requires a great deal of

time. We sometimes resort to it, but only for the purpose of check-

ing our other process. The method adopted depends upon the dif-

ference in the specific gravity of the coal and slate. The specific

gravity of a piece of coal increases with the amount of ash that the

coal proper contains, and also with the amount of bone or slate

attached to it.

We first determine by analysis the composition of the coal, bone,

and slate from the mine we wish to study, and also find in the usual

way the specific gravity of the specimens analyzed. We thus fix a

limiting specific gravity, the particles lighter than which may be con-

sidered coal, and those heavier, slate or bone ; and we make a solu-

tion of chloride of zinc of the same specific gravity. This limiting-

specific gravity, of course, varies with the nature of the coal and the

nature of the impurities. The coal from the Lehigh region and

some parts of the Schuylkill region is much heavier than that of

the other parts of the anthracite field, and the specific gravities of

the bone and slate also vary with the locality and vein. We use

for our mines a solution with a specific gravity varying from 1.70

to 1.72.

The simplest form of the operation would be to take a large

beaker glass nearly filled with the solution of chloride of zinc, and

pour slowly into it the coal to be examined, stirring it from time to

time. The coal floats and the slate goes to the bottom. When the

floating coal, which is generally much greater in quantity than the

slate, begins to cover the top of the vessel, a ])ortion of it is skimmed

ofi' and put in a dish ; and this is continued until all the coal to be

tested has been poured into the vessel. The ronuiiiiing coal which

is floating is skimmed off with a great deal of care, the chloride of

zinc solution poured off, and the slate ])lacc(l in anotlier vessel. The

coal and slate are then washed, dried, and weighed, and the per-

centage of each calculated. This, of course, docs very well if only

a few determinations are to be made, but where it is necessary, as
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with us, to make a large number of tests, an apparatus, devised to

simplify the work, may be used with advantage. Fig. 2 is a sketch

of it

It consists of a tin vessel, .-i (which the solution of this density

does not attack to any great extent), shaped like an ordinary wash-

boiler : or, more properly, two

one-half cylinders joined by

a rectangular parallelopipedon.

The depth of the vessel is 8

inches, the extreme length is

12j inches inside, and the width

6.T inches where the sides are

parallel. The two cylinders, B
and C the bottoms of which are

closed by a wire gauze of No.

24 wire mesh, for 2 inches

above the wire gauze are com-

plete, but, higher up, a little

more than one-half of the cir-

cumference is cut away. These

are placed in the outside case,

A, "with the open sides facing

each other. Inside of the left-

hand one, B^ is placed another

tin cylinder, /), of slightly less diameter and without any bottom,

which when in position extends from the wire gauze up to the top

of the main case.

"When the parts are in these positions, the vessel A is filled

with the chloride of zinc solution to within about one inch from the

top. The coal is then poured gradually into cylinder D, and is

stirred continuously until all the coal has been poured in, and the

pure coal has risen to the top. By raising cylinder D about 2^

inches the pure coal can be transferred in it as it is floating

to cylinder C, when the cylinder D is lowered into C, while

the slate remains upon the gauze of cylinder B. Cylinder B
is then raised above the liquid and hung on a nail by the hole ^,

which allows the liquid to drain back into vessel A. Cylinder

C is then raised, with cylinder Z^ inside of it, out of the liquid

and allowed to drain, the coal resting then upon the gauze bottom
;

the two are hung together on a nail immediately over vessel A.

After two or three minutes draining, the coal and slate are

APPARATUS FOR SEPARATING COAL
, FROM SLATE.
BY CHLORIDE OF ZINC SOLUTION.

Fig. 3.
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washed in the cylinders in which thej are ; that is, the slate in

cylinder B and the coal in cylinder C; cylinder D having been

removed, unless there is a large amount of coal, in which case

they remain together. They are then removed to the drying appa-

ratus, to be described further on, and after drying the coal and

slate are weighed, and the percentage of slate calculated.

A number of experiments have shown us that this method of

determining the percentage of slate gives results practically as accu-

rate as those obtained by the most careful selection by eye ; althougli

it is possible that in the selection by eye some few pieces might

change places. It takes but two or three minutes to make a deter-

mination, outside of the time necessary to dry the coal, which is

from five to six minutes. So that with the single apparatus five or

APPARATUS FOR DRYING
WASHED SAMPLES OF COAL.

FlO. 3.

six determinations can easily be made in an hour by any one of

ordinary ability and carefulness.
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As we have constantly occasion to dry coal, which in the ordi-

nary way takes considerable time, a simple apparatus was erected

to do the work. It consists essentially of a rectangular iron case (see

Fig. 3) about 4 feet long, 26 inches wide, and 4 inches high, cast

hollow, and as thin as possible. This is kept filled with steam ; on

top of this is placed a box made of wood, with side openings, on

the projecting bottom of which there are two drawers 18 inches

long and 16 inches wide. The sides of these drawers are of wood

and the bottom of 24-mesh wire gauze. The bottom of the box,

which is about one inch thick, covers the whole iron plate, and

extends about one and a half inches beyond the edge all around.

From the outer edge of the cover a canvas curtain about six inches

long is hung. The projecting bottom board is about one inch above

the iron plate, leaving space for the hot air to pass through. The
bottom of the case is cut out where the bottom of the drawer is cov-

ered with the gauze, and the whole box rests upon the plate, so that

air passes around and over the plate, and up through the gauze.

The top of the box is closed, with the exception of one hole, in

which is inserted a sheet-iron pipe, which connects with a suction

fan. The result is that a constant supply of air passes around the

iron plate, thi-ough the holes in the wood cover, and then through

the gauze to the suction fan; by means of which a very rapid drying

at a comparatively low temperature is brought about. In order to

dry the coal and slate from the chloride of zinc apparatus, the pipe

between the drying apparatus and the fan is enlarged, as sliown in

the sketch; so that, by removing the cap on the upper part of the

enlarged portion of the pipe, the cylinders B and (7, or C with D in

it, can be inserted in the enlarged portion, the cover put on, and the

drying of this coal and slate carried on without interfering with the

drying in the other part of the apparatus. This apparatus is very

simple and inexpensive, and is very satisfactory and thorough in

its work.

While not of very great importance, yet it may, perhaps, be well

to give our method of preparing the solution of chloride of zinc,

with some details as to its cost.

We use a three-gallon crock, such as is sold in the ordinary china

stores, in which we place about five or ten pounds of scrap zinc, which

is generally the old zincs taken from our telegraph batteries; but,

where this is not on hand, any scrap which can be purchased for

about three and a half cents per pound will do. We fill the crock

with common hydrochloric acid, 1.20 specific gravity, and cover it



46 president's address, 1893.

with any kind of lid of crockery. The important point, of course,

is to have an excess of zinc, which is not wasted, but which is used

in the next operation. When all action ceases, the solution is

decanted, and is of a specific gravity of from 1.5 to 1.62, which we

increase bv evaporation in a common shallow tin dish over a low-

heat burner or any other source of heat, to a specific gravity of

about 1.75. The solution costs, when thus made, about seven cents

a pound.

The zinc solution at the end of the week (when we have made

about 40 tests) becomes dark from the coal dust, and we filter it by

filling a quart funnel a quarter full of ordinary mineral wool, and

allowing the solution to drip through. This is always done on

Saturday afternoon, so as to begin the week with a clear solution.

To keep up the specific gravity a small quantity of the heavier

solution is occasionally added.

Preparation ofSample.—The sample which comes from the colliery

in the canvas bag, on reaching the sample room of the laboratory,

is divided into two j^arts, one of which is dried (should it be wet) in

the apparatus already described, and then goes to the pulverizer.

The pulverizer consists of a cast-iron cylindrical shell (Fig. 4),

12 inches long and 16 inches in diameter (both inside), through the

center of which passes an iron shaft, and inside of it are 10 chilled

cast-iron balls, B, 3 inches in diameter. The cylinder makes from

70 to 150 revolutions per minute, according to the number of sam-

ples to be prepared. Along the surface of the cylinder, and par-

allel to the axis, runs a slot which is | of an inch wide on the

inside, and 1^ inches wide on the outside. This is closed by a

wrought-iron wedge, D, which is held by two clamps, C, placed

near each end. The coal is introduced by bringing the slot to the

top and pouring it in, and is removed by bringing the slot to the

bottom and allowing it to run out, the cylinder being oscillated

backwards and forwards in order to remove all the stuff, which

is received in a liussia-iron j)an 24 inches long and 18 inches

wide. In this way the whole of the pulverized product can be rap-

idly removed. We generally put about 15 pounds into the pul-

verizer at once. Running at a moderate speed it takes about la-

bours to pulverize 15 pounds of pea coal thoroughly ; but, by

crushing it in a mortar so that the coal will pass through a
i^jy

round

mesh, this time can be very materially reduced. Buckwheat, rice,

and barley are ])ulverizcd without any previous hand crushing.

Kice and barley require only about three-quarters of an hour.
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The puU-erizer is a ven^ simple, cheap, and effective machine.

The surfaces of the slot are planed, as is also the wedge, making
a perfectly tight joint, and not allowing any dust to escape.

The pulverized coal received in the pan is quartered down to

about one pint, which is screened on a No. 60-mesh sieve, 90^

generally passing through ; and that which does not pass through

is crushed finer by hand on a rubbiug plate, requiring but a few

minutes.

The anthracite coal of tlie Lehigh region, containing on an aver-

age not more than 5^ of volatile combustible matter, might be pul-

pulverizer..

Fig. 4.

verized so as to pass through a No. 80-mesh sieve, which would
shorten the time of ash and sulphur determinations, especially if,

for the incineration in the former case, oxygen be not used
; but as

we use oxygen, and only occasionally make sulphur determinations,

we only make the sample fine enough to pass through a No. 60-mesh

sieve.

Where no machine is available for pulverizing, and the work
must be done by hand, it is important to crush the whole sample

until it will pass through a sieve of No. 4-mesh, quarter down,

then crush the retained portion until it will pass through a No, 10-

mesh, then quarter and crush the retained portion until it will pass

through No. 24-mesh, and so on until the last sample will all pass

through a No. 60-mesh. But no effort should be made to shorten

the work by crushing the sample roughly, and screening it over a 60-

mesh. and using what passes through for analysis. Our attention

having been called to the discrepancies in anal3'sis where we
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attempted rapid crushing in this way, we made a series of careful

experiments (the results of which are given in the following table),

to satisfy ourselves as to the facts. The first column gives the sizes

of coal, the second column gives the percentage of ash when the

proper method of sampling is adopted, the third column gives

the results when the rapid method of sampling was adopted, and the

fourth column gives the difference in each case.

RESULTS OF COMPARISON OF TWO METHODS OF OBTAINING THE
POWDERED SAMPLES FOR ANALYSIS.

Size.
Method " A."
Per cent, of ash.

Method "B."
Per cent, of ash.

Difference per cent.

Lump coal

Broken coal

5.00
7.52
8.50
8.39
9.50
11.45
9.87
13.85
13.05

6.65
9.97

11.12
10.15
13.87
14.95
11.27
17.95
23.95

1.65
2.47

Egg coal 3.63
Stove coal 1.76
Chestnut coal 3.37
Pea 3.50
Buckwheat 1.40
Rice 4.10
Barley 10.90

It will be observed that the difference was as much as 84^ in

the last case. The reason of this is probably that a large portion

of the impurities in coal, such as iron pyrites, silica, and sub-

stances of a clayc}' nature, occur in very light incrustations upon

the surfaces of fracture of the coal. During the crushing a great

deal of these very thin films is rubbed off in powder, so that the

fine dust which passes through the 60-mesh sieve contains a very

much larger portion of these impurities than the average coal.

This is especially the case with the iron pyrites, which is often

found in films scarcely thicker than tissue paper, which, during the

crushing of the coal, is reduced to a very fine powder.

Although we have not yet made a determination of the sulphur

in the case where the 84^ difference occurs, I should expect to

find a much higher percentage of it in the sample prepared in the

wrong way than in the sample prepared in the right way.

Proximate Analysis of the Coal.—For commercial purposes, which

is the point of view from which I am treating this subject, onl}^ a

proximate analysis of the coal is generally necessary; that is, an

analysis by which the moisture, volatile combustible matter, and

ash are deterinined; the carbon being determined by difference. It

is necessary only occasionally to determine the sulphur, and more
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rarely tbe composition of the ash, as the sulphur and the compo-

sition of the ash do not vary in the coal from one colliery as

much as the percentage of ash. It would not be necessary to deter-

mine very often the moisture and volatile combustible matter were

it not that, without them, the amount of fixed carbon cannot be

arrived at.

The sample, which has been pulverized and quartered down until

it will about fill a pint measure, is sent to the analytical room, where

it is subjected to the following operations if all be necessary:

First, Determination of ash.

Second, Determination of moisture.

Third, Determination of volatile combustible matter.

Fourth, Determination of sulphur.

Fifth, Analysis of ash.

Ash Determination.—The sample to be subjected to analysis is

obtained by spreading the pint of coal upon a sheet of glazed paper,

thinning it out, and then dividing it by cross lines into a number

f!K

INCINERATING DISH
AND

SPECIAL CRUCIBLE.
An.Btiik RotVCo.N.T.

Fig. 5.

of divisions, and from each of these a small quantity is taken,

making up the two grams usually used. The incinera^-ion is done
in light platinum dishes of special shape. {A, Fig. 5.) It ispracti-
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cally a thin sheet of platinum Sy'^i inches long by 2f inches wide,

with a central depression 2 inches square, and .^^ of n,n inch deep

at one end, and \ of an inch at the other. This is covered with a

lid made of thin sheet platinum, 4i inches long, and bent as shown

at B. The dish is supported on two platinum wires laid across

between two ordinary firebricks, between which a Bunsen burner

is placed (6 and 7>, Fig. 5). The dish can be slightly inclined

by allowing the right-hand wire to drop into a crevice about \ incli

deep in the firebrick. The lid and end surfaces of the dish form

inclined surfaces which deflect the flame of the burner, and cause

it to travel to the left-hand corner, thus creating a slight suction at

the end of the lid, and increasing the amount of air passing over

the incandescent coal. The under side of the lid, being polished

platinum, reflects the heat down upon the coal, and increases its

incandescence, thereby hastening the burning out of the carbon.

We tried a lid of Russia iron, but, instead of increasing the in-

candescence, it absorbed the heat and retarded the operation.

One of the great advantages of the shape of the dish is that

the sample can be spread in a thin layer, and the current of air or

oxygen directed over it, and also that the incandescent mass can be

easily stirred, the lid being conveniently lifted with a pair of for-

ceps.

With these dishes, when incinerating two grams and using nat-

ural draft, the operation is completed in about one hoar, and the

coal need only be stirred two or three times. For making ash

analysis, we can incinerate five or six grams in the same way in

very little more time, as the surface exposed to the action of the

air is so great. In an ordinary platinum crucible, with air, it would

require from three to four hours for one gram. Of course, I am
only talking of anthracite; bituminous coal burns very much
more rapidly when treated by the ordinary method. In order to

hasten the process, which is a very important point where so many

analyses have to be made, we use oxygen, which we obtain in tanks,

at a very high pressure, from the New York Oxygen Company.

A tank containing 20 cubic feet of gas (at atmospheric pressure)

is sufficient for from T5 to 100 analyses.

With oxygen the operation is performed as follows

:

After the coal and dish have been heated to redness, a gentle

stream of oxygen is allowed to pass over the coal for twenty min-

utes, after which it is transferred to the other a))paratus, immedi-

ately alongside, where the same oj)cration is allowed to continue for
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twentv minutes more, with a current of .air passing under the lid.

By having these two apparatuses, one man is able to make about

twenty ash determinations of two grams each in ten hours. The

flame, as shown in C, Fig. 5, is deflected to the left, and on the

right-hand side comes to about the lower corner of the dish. The

dishes were made to order by John C. Entriken, Malvern, Pa., and

weigh from 21 to 22 grams each. The dimensions are all given in

Figr 5. The lids, R are 2,^ inches by U inches. No. 40 B. d- S.

gauge, and weighing from 13 to 15 grams each. The wires

which support them are also of platinum, 4 inches long and y"^ of

an inch in diameter, weighing about 4 grams each. The two

dishes with which we have already made over 800 determinations

are still in fair condition. The right-hand end of . the dish is made
deeper, first, to avoid loss in consequence of the material sliding

down when it first becomes heated ; and, second, to give more incli-

nation to the under side of the dish, and thus deflect the flame of

the burner to the left. The oxygen is brought from a tank by an

ordinarv india-rubber tube (Fig. 5, £' 3), which is terminated by
a clay pipe (a piece of tobacco pipe), at the end of which is placed

a piece of platinum foil, flattened out as shown in U, Fig. 5.

This is merely wrapped round and flattened with the fingers, its

object being to distribute the oxygen uniformly over the whole

width of the dish. \Ye find in our laboratory (where the pressure

of gas is low) that it is much easier to incinerate the coal in the

flat dish than in a crucible, for the temperature produced by the

burner, when the supply of air is restricted, as it must be with low-

pressure gas, is hardly great enough to incinerate in a crucible,

while there is no difficulty with the dish, and hence results in

economy of gas consumption.

Moisture Deterraination.—This is done in a very simple apparatus,

constructed as follows

:

Two 1-inch boards, 12 inches wide and about 8 inches high,

with the upper corners rounded off, form the back and front. In each

of these boards there is cut an opening 10 inches wide and 4|- inches

high, also rounded, in which there is placed a copper muffle made of

sheet copper -^ of an inch thick, simply bent in the form desired

and riveted at the joint, and open at both ends. This is tacked to

the two boards. Both the front and back of this muffle is closed

by a piece of asbestos board supported on two tacks. Another

piece of asbestos board is bent around so as to form the sides and

top, leaving a space between it and the muffle about an inch wide.
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Underneath the muffle are four very small gas-jets, formed by

making four small perforations in | inch gas-pipe. These give the

heat which keeps the muffle hot. To remove the products of com-

bustion resulting from these jets, four boles, | inch diameter, are

cut in the top of the asbestos casing. A thermometer passes

through the top of the muffle and the asbestos board top, and shows

the heat in the muffle. The piece of asbestos board at the back

is not taken off; that in front is removable, in order to allow the

sample to be put in. By means of these gas-jets the temperature

is kept at about 225° Fahr., and remains remarkably constant with

but very little attention. Any ordinary mechanic can construct

this apparatus in a few hours.

The sample when weighed out is placed in the muffle, and re-

mains at a temperature of 225° Fahr. for about one hour, expe-

rience having shown us that this time and this temperature are best

suited for determining the moisture in our anthracites. Notwith-

standing the extreme simplicity and low cost of the apparatus, it

gives results which are very satisfactory.

Determination of Volatile Comhustihle Matter.—For this determina-

tion, the method usually adopted is to heat the sample in a covered

platinum crucible for 3^ minutes, by an ordinary Bunsen burner,

and then, without cooling, for 3^ minutes more with a blast burner.

We find it very convenient to adopt a crucible of special shape,

provided with a flanged sleeve {F and 6^, Fig. 5). The cru-

cible is 1 inch in diameter, 2j inches deep, and cylindrical for

a length of 1-^- inches. It is wire-rimmed at the top, and fits

loosely into the sleeve, 0., which bears against the rim. The

sleeve is beaded on top to keep it cylindrical, and ^ of an inch

below the top of the sleeve there is a thin annular disk of platinum,

which is fused to the other part of the sleeve. The crucible, with

this thin sleeve, is supported by a platinum wire triangle placed

over a clay cylinder, and which in its turn is supported by a ring

of a (liter stand at a height suitable to the height of the burner.

The clay cylinder is 3|- inches high, with a hole 2 inches in diameter

at the top, and tapering down to l^V inches at 1 inch from the

bottom, and from there down widening out again to IJ inches

(Fig. 6, left end of hood). The sleeve prevents the crucible from

slipping through, and from tilting over on the wire triangle or the

holes in the desiccator. It also helps in heating it to the highest

possible temperature for the full length, as it baffles the flame.

This sleeve is also very convenient for lifting the crucible from the
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cylinder iuto the desiccator, and from thence into the scale pan, as

the operator simply grasps the disk of the sleeve with an ordinary

pair of forceps. It weighs 9 grams. We also use the same cru-

cible and sleeve for fusions when making complete analyses of the

ash.

Determination of Sulphur.—This is done by Eschka's method,

with one exception ; that is, we use a different form of crucible, in

the shape of a light, small-lipped and wire-rimmed beaker of pla-

tinum, holding 100 cc, or about three times as much as the ones

usually employed. It is 2^ inches high, 2 inches in diameter, and

tapering slightly toward the bottom, and weighing 33 grams. By
using a larger crucible all the operations of oxidation, acidulating,

oxidizing with bromine, and driving off the excess of the latter,

etc., can be performed without transferring or washing into a

beaker, thus saving considerable time.

This method is described in the following periodicals

:

Rothe, Mitheilungen Koniglichen Technischen Versuchsansfalten, 1891,

page 107 : Stahl tmd Eisen^ Vol. XIL, page 31.

F. ^nwde^l'xhdigew.i Journal Analytical and Applied Chemistry.^ Vol.

VI., page 38.5 ; Chemiker Zeiiung, Vol. XVII,, page 454
;

Engineering and Mining Journal, LIV., page 320 ; Berg und

Huitenmannische Zeiiung, Vol. LII., page 141 ; Journal Soci-

ety of Chemical Industry, Vol. XIL, page 465 ; Chemiker

Zeitung, Vol. XVL, page 1070.

James O. Handy, Engineering Record, Vol. XXVI., page 373 (few

lines.)

Analysis of the Ash.—This, of course, is a comparatively long

operation, and is done by the ordinary method.

Bough Determination of Specifc Gravity.—This, though a com-

paratively simple, and to all appearances rough, operation, promises

to be of value to producers and users of anthracite coals. The
apparatus we employ is constructed as follows :

It consists of four parts : an ordinary sheet-iron bucket such as

is used about the works for sand or ashes, and holding about 25

lbs. ; an ordinary wash-tub; a Fairbanks' market beam scale; and

a cylindrical tin pan about 14 inches in diameter and 7 inches

deep. The apparatus is shown on the right-hand side of the view

of the laboratory, close to the window (Fig. 6).

The weighing beam is attached to the post by means of a small
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crane, which throws it out from the post. The ordinary hook used

for suspending material to be weighed carries a yoke from which

the tin pan is suspended by two wires. The bucket is also hung

on the same hook.

The tub is then filled with water until the tin pan is covered, and

the whole is then balanced by means of a weight hung on the

outer end of the beam, which weight remains fixed. The poise

used for weighing moves along the beam in the ordinary way.

The beam is divided into pounds and quarter pounds, each notch

representing one quarter pound when the ordinary poise is used. In

order to weigh to yw^ of a pound, a little rider is made of sheet metal

and of such a weight that each notch represents y^o of a pound
;

so that by placing the poise in the notch corresponding to the even

pound which is just less than the actual weight, and then moving

the rider until the beam balances, and reading off the number of

notches, the actual weight in pounds and y^-g- pounds is obtained.

If, for example, the rider is in the second notch to the right hand

of the 10 pound notch, it would read y\,% pounds ; that is, the 10

pounds would represent 40 notches, which with the other two

would make 42. If it was at two notches to the right of 17 pounds,

it would represent j\% pounds, or 4 times 17 plus 2.

When the average specific gravity of a shipment of coal is to be

determined, specimens are taken from all parts until a fair average

sample is obtained. This is spread on a platform, and quartered

down until the material is reduced to about 20 pounds, which is

then freed from dust, dried in the apparatus shown in Fig. 3, and

put into the bucket. It is not necessary to take any specific quan-

tity, simply a bucketful. The bucket is then hung on the hook and

the weight of the coal obtained, everything else having already

been counterbalanced. When this has been done, the coal is poured

slowly from the bucket into the pan in the tub, and after being

stirred so that all the air escapes (this is important), the weight in the

water is taken ; deducting from the weight of the coal in the air the

weight of the coal in the water gives the weight of the water dis-

placed ;
dividing the weight of the coal by the weight of the water

displaced gives the specific gravity of the coal.

Of course, the calculations arc the same as in ordinary methods

of determining the specific gravity, but the o})eration can be per-

formed rapidly and with a large quantity of coal.

There seems to be no doubt that there is a close relation between

the specific gravity of coal and its percentage of ash. Mr. Walter
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R Johnson, in his celebrated report upon American coals, sug-

gests that there might be such a relation, but gives no figures ^o

establish the fact. A careful study of a great number -of analj^ses

of coal and determinations of specific gravity has led us to

believe that, although our experiments are not as yet absolutelv

conclusive, there is a strong probability that, for a given size of

coal from the same colliery under ordinary circumstances, the de-

termination of the specific gravity of an average sample will give

very nearly the same percentage of ash as will be determined by

analysis, although the relation may not be exactly the same for

different mines or for different sizes of coal.

If the specific gravity and percentage of ash, in any sample of

coal below egg size, is known, the percentage of ash in any other

sample of the same size coal, and from the same colliery, can be

satisfactorily determined (we are inclined to think) from the spe-

cific gravity of that sample, by the following formula:
I

3/' — ?/ + (x' — a;) X a
;

'

t

in which

X — the standard specific gravity,

y — the standard percentage of ash,

oc' = the specific gravity of coal determined by our apparatus,

y' = the percentage of ash to be determined,

a = a constant for coal from same mine.

It is possible, however, that for the very smallest size from mines

where the percentage of iron pyrites is large or very variable, the

formula may require some modification. It might also fail if the

character of the coal, slate, or other impurities varied very materi

ally in the different veins or in the different parts of a mine, so

that the product of the mine could not be considered a uniform

one. There is no question, however, that the determination of the

sj)ccific gravity in this rough way, which can be done by any care-

ful person, is of great value, and would be a very good check on the

shipments of coal received, provided it was accompanied from time

to time by a slate determination by means of chloride of zinc, and

occasionally by an ash determination by analysis.

I do not wish to sj)cak too positively on this subject, because we

have not concluded our experiments, and hope later to give more

information upon this ])oint.
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In the Lebigb region, for any size of coal, we find that, within

what ma}' be called the commercial limit of purity, an increase of

0.01 in the specific gravity corresponds to about an increase of 1^^

of ash ;
that is to say, tbat if coal of the specific gravity of 1.54

contained 8^ of ash, the same size of coal from the same mine

when its specific gravity was 1.56 would contain twice 1|^ more

ash, or 11^.

Fig. 6 is from a photograph of one corner of the analytical room

of the laboratory, and is given for the purpose of showing in how
little space all tbe apparatus necessary to carry on the majority of

the foregoing operations can be placed. On the extreme right is

seen the apparatus for determining the specific gravity. On the

left is placed a small but very excellent hood made of galvanized

iron (with a ventilating pipe through the roof) in which the opera-

tions of determining moisture, sulphur, ash, and volatile combus-

tible matter are carried on.

Almost directly under the pipe is seen the beaker crucible for

determining the sulphur, being supported on a sheet-iron frustum

of a cone which protects the flame of the Bunsen burner inside. A
little to the right of this is seen the drying oven ; then comes, under

the table, the tank of oxygen, with the hose conveying the oxygen

gas to the incinerating dish.

The first pair of firebricks, only one of which is seen, is where

the incineration is completed with natural draft. The india-

rubber hose passes over one of the bricks which supports the dish,

and is protected from the heat by being wound with sheet asbestos.

The two bricks in front show the apparatus in which the incinera-

tion is done with oxygen, and still further to the left is the appa-

ratus for determining the volatile combustible matter. Of course,

while there is nothing specially novel in the arrangement, it is very

compact, and shows how little space is necessary for carrying on the

work. The balance is placed close to the hood.

We have become so thoroughly impressed with the importance

of having the specific gravity of all samples of coal which we
analyze, that, whenever the sample sent to the laboratory is large

enough, we obtain the specific gravity in the way given above or

by means of a flask, and find that it adds very materially to the

value of the data obtained by analysis.

It seems to me that in all important boiler tests not onlv the

coal used should be analyzed, and a special determination made of

the amount of moisture in the coal when it is actually fired, but
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also that the ashes should be carefully analyzed. The sample for

both the analyses should be obtained by quartering down all the

coal to be used, and quartering down all the ashes made.

I find in the reports of many boiler tests only the name of the

coal is given ; such as Lehigh egg, Schuylkill stove, Wyoming pea,

etc. ; in some cases, perhaps, the name of the colliery may be

added. Such information is not of very great value, as the qualit}^

and purity of these coals vary not only in the same region but in

the same mine, from day to day, and any one who wishes to get at

the actual facts determined by the tests has not the information

necessary to do it. Even if the amount of moisture and volatile

combustible matter in the coal is known, the exact amount of

carbon burned cannot be determined except by an analysis of the

ash. If we know exactly how much coal is placed in the furnace

(including what is left on the grate), and how much carbon there is

in the ash, we can determine the exact amount of the carbon

(originally in the coal) that has been consumed, less the small por-

tion carried up the chimney with the fine ashes.

I have found nearly 60fo of carbon in ashes from some boilers

;

and in some of the boiler tests which have been reported to me not

much over 60^ of the carbon actually in the coal seems to have

been burned.

Under these circumstances it seems to me misleading to say that

so much water has been evaporated per pound of combustible. In

fact, it is of very little importance how much water can be evapo-

rated under special circumstances with a pound of combustible.

V/hat the man who pays for the coal wants to know—and he is

the one for whom the profession generally works—is how much

water can be evaporated for $1 with difi^erent coals ; and it is of no

advantage to him to know that if he pays twice as much for his

fuel he can evaporate 5fo more water per pound of fuel, and get a

wonderful theoretical evaporation from his boiler. It is the ques-

tion of how much more you can get for $1 by using a certain coal

and to arrive at this result it is very important to know exactly

what kind of fuel is being used, whether it burned up, and whether it

was artificially dried before it was put into the furnace in the test.

There is another question of very great importance to users of

coal, on which I am not, however, ready to say much, that is, the

clinkering. It depends undoubtedly upon two points: the temper-

ature at which the coal burns, and the composition of the ash. The

fact that a coal does not clinker may bo due to its impurity ; that
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is to say, the coal may be so impure that it will not make a fire hot

enough to melt the ash, although the composition of the ash mav
be such that were it contained in a pure coal it would melt easily.

On the other hand, the coal may clinker because it is very pure

and burns at a very high temperature.

It is generally admitted that the more bases there are in the ash

the more fusible it is likely to be. It seems probable, from in-

formation we have, although it is not very definite, that two coals,

each of which burns without giving much trouble on account of

the clinkeriug, maj' clinker more if they are mixed ; the reason

being that the composition of their joint ash is more fusible than

that of either of the ashes separately.

This subject is one of great importance, and we have taken it

up with the view of making further investigations. I would be

very much obliged to any one who has analyses of the ashes of any

coal, remarkable either for not clinkering or for clinkering badly, if

they would send them to me.

In conclusion, I wish to say a few words upon the character of

this address.

It does not pretend to treat thoroughly any part of the subject,

but simply to state what we are doing, and what we think we have

learned. I have no doubt that if I were to deliver this address next

year I could add very materially to some of the information that I

have given, and develop further some of the ideas that I have

ventured to advance ; but, on the other hand, I think it almost

certain that I would have to revise, and perhaps totally change,

some of the views which I have expressed. I am strongly of the

opinion that the time has come when, it is better for those engaged

in professional investigations to give to the public the result of

their investigations before they have reached a final conclusion, as

it tends to bring out suggestions from others, and to gather facts

which will be of great value in the work in hand.

As you have undoubtedly observed, the paper is composed

largely of descriptions of what we are doing, or what we have done.

No doubt others are doing the same things, in some cases better

than we are, and have obtained results of more value than we have,

but we give you exactly what we have found. It is not a scien-

tific investigation, properly speaking, but a commercial work,

carried on in connection with the business of mining coal, for the

purpose of finding out how we can better serve our customers, and

make more money in our business.



60 A DEVICE FOR DRILL JIGS.

DLVIII. *

A DEVICE FOR DRILL JIGS.

BY BARTON CRUIKSHANK, BROOKLYN, N. T.

(Member of the Society.)

The following simple plan is submitted as leading to good re-

sults in the making of drill jigs. This is a well-known device in

some shops, but, not being universally used, a brief description

of it would perhaps be of interest.

Where two holes are to be placed in the jig in the same flat

surface, at a given distance from center to center, they can be

quickly and accurately located by the use of hardened steel bush-

ings ground to a known size on the outside, and lapped out to very

accurately fit the drills and reamers which are standard for the

tits of counterbores in use in the shop. By using the same tit

size for several sizes of counterbore the number of bushings neces-

sary for all round work could be considerably kept down. These

bushings should be made with a flange or other projection, so that

with clamps they may be temporarily fastened to the jig, as shown

in accompanying sketch, the distance from the outside of the one

to the outside of the other measured with micrometer or vernier

calij3ers, and the holes for the counterbores drilled and reamed.

This is not new nor my own device, but is so handy that it

should be more commonly used in shops where sufficient jig

making is done to warrant the expense of a few bushings with

counterbores to fit.

* Presented at the New York meeting (December, 1893) of the American So-

ciety of Mechanical Engineers, and forming part of Volume XV. of the Transac-

tions.
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NEW FORM OF PRONY BRAKE.

BY R. C. CARPENTER, ITHACA, NEW TOEK.

(Member of the Society.)

The form of brake described in the following paper was de-

signed by tlie writer about two years ago, and three brakes, each

of about sixty horse-power capacity, have been in use on the

experimental engine of the Sibley College laboratories for a con-

siderable portion of that time.

The brake consists, in each case, of a tube of copper, with an

elliptical section, which nearly encircles the brake wheel. Out-

side the copper tube is an adjustable band or belt of sheet steel

which prevents the copper tube from expanding. Water pressure

is applied to the copper tube by means of hose connections

made near the center of the wheel to water pipes ; the amount

of pressure being regulated by throttling the admission and dis-

charge valves. As the external diameter of the copper tube can-

not change, the internal pressure causes the inner surface to rub

against the wheel, producing the friction which is used to absorb

the work. To prevent the wearing of the inner surface of the

copper tube a thin sheet of steel or Eussia iron is inserted

between the tube and the brake wheel, and connected to the

brake, so as not to revolve.

This brake has proved very satisfactory ; the work is readily

absorbed by varying the opening of the supply and discharge

valves, and no trouble has been experienced on long runs from

heat or irregular friction of the brake.

In the figures which follow, the principal parts and dimensions

are as follows

:

Fig. 8.—Elevation of wheel with attached brake. Wheel, 4 feet

diameter, 12 inch face ; A, supply pipe ; B, discharge pipe ; C,

brake ; D, sheet-iron liner ; F, external strap, sheet iron ; G,

adjusting bolts in external strap ; H, arms of brake riveted to

* Presented at the New York meeting (December, 1893) of tlie American Society

of Mechanical Ei)gineers, and forming part of Volume XV. of the Transactions.
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external strap ; J, support for brake arms, to be carried ou plat-

form of weighing scale.

Fig. 9.—Section of brake and rim of wheel. C, brake, ellipti-

cal section ; larger diameter, 12 inches ; shorter diameter, f inch

;

F, external strap ; D, sheet-iron liner.

Another merit, which in some cases may be of little moment,
but which was of considerable importance at the time of its

erection, was the fact that the first cost was small, the brakes

not costing over fifty dollars each.*

AUTOMATIC REGULATING DEVICE.

Prof. C. W. Scribner designed a self-regulating device which

I consider of great merit, but which, because of pressure of other

work, has not yet been applied to the brakes just described.

Fio. 10.

There is, however, no doubt of the effectiveness of the design,

and its description is therefore here given.

So far as the writer knows, every previous device for auto-

matic regulation of the work absorbed by a brake requires the

rotation of the wheel to be such as to tend to move the free end

of the brake arm in an upward direction. This is oftentimes

objectionable, and sometimes an element of danger. In this case

Professor Scribner permits a dowuAvard motion of the brake

arm, and yet succeeds in securing motion sufficient to adjust the

tension on the brake.

* The copper tubes were built by Henry W. Avery, 310 Front Street, New
York.
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The geueral method of securiug the adjustment is shown in the

diagrammatic form, Fig. 10, in which A C and B C are the brake

arms; these rest on the end of a horizontal lever, J^C[ This lever

is supported at D bv a knife edge on the fixed support, DE. A
movable weight, F, is placed on the arm of the lever at any point

j5aL

2S
SradUy i iWWa, Engr't, S. T. ^^

HYDRAULIC BRAKE

Fig. 11.

^tl

rr

needed to give the required brake load. If the brake load is too

great, the pressure at C is greater than at F, and the point K of

the lever rises ; on the other hand, if the brake load is too small,

the pressure at F is greater than at C, and the end K of the

brake arm falls.

The motion of this point can readily be utilized to decrease or

increase the tension on the brake as required. In this case this

motion will be utilized to regulate the opening of the supply

valves and to vary the pressure on the brake. The weight F
can also be utilized to weigh the load. The detailed drawings

for this purpose are shown in Fig. 11.

The principal parts are as follows

:

A, supply pipe ; B, discharge pipe ; C, brake ; F, external

sheet-steel strap ; G, adjusting bolts in external strap ; H, arms
of brake fastened to external strap ; J/, weighing lever ; W,

5
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weight ; 0, knife edge between lever and stationary support

;

iV, knife edge between brake arm and lever ; F, hand-wheel to

adjust load on brake.

It should, perhaps, be mentioned that in the original design

for automatic regulator it was expected to support the end of

the brake lever on a weighing scale, and utilize the weight F,

Fig. 10, only for regulating the load. It is now believed that

the weight can be used to weigh the load.

I
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A CURVE DELINEATOR.

BY PREDEUICK A. SCIIEFFLER, NEW VOKK CITY.

(Member of the Society.)

Every engineer, drauglitsman, or mechanic is aware of the

inconvenience of drawing arcs or circles of large radii, espe-

cially when the location of the center is confined to the space

of the drawing-board, or even to the room occupied by the

draughtsman. An instrument which is intended to overcome

this difficulty has been devised by Theodore Scheffler, M.E., and

is shown herewith.

This instrument has been found to overcome the many diffi-

culties involved in attempting to describe arcs or circles from

50 feet radius to 1,000 feet or more. In a few seconds the ad-

justment of the instrument can be set at such an angle that it

would describe an arc of a circle anywhere from 3 feet radius

to infinity, and a straight line may be draAvn with it. The de-

sign of the instrument consists of simply two straight edges,

joined at a common center, with a simple device for changing

the angle of the straight edges in relation to each other ; the

device also carrying an attachment for adjusting and fixing a

pen or pencil to bear upon the drawing-paper at the point of

juncture of the two straight edges. The use of the instrument

is based upon the fact that the versed sine of any particular

chord is always constant if the radius is constant. To use the

instrument, two pins are required to be placed at the extremities

of the chord selected, for the points through which the arc is to

pass. A Table is given with this paper, giving the requisite

angles to set the instrument at, with the fixed chord of 24 inches,

and for any radii between 2 feet and 300 feet.

The instrument is operated as follows : By means of the worm-
wheel segment a ''see Fig. 12), the worm h, and the graduated

wheel c, the straight edges may be placed accurately at the de-

* Presented at the New York meeting (December, 1893) of the American Society

of Mechanical Engineers, and forming part of Volume XV. of the Transactions.
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sired angle v ; one revolution of the wheel r changes that angle

one degree. The connecting bar (/ is also graduated by marking

off every revolution of the wheel c ; when the latter indicates •

»

and the edge n of washer plate e is coincident with on the bar

d, then the angle v is equal to 0, and the straight edges form a

straight line. The penholder h k I should have the position as

shown, and I somewhat elevated, so as to give the pen P the prop-

er position. The wheel c being divided into sixty parts, each

....Uiiut NoioCo.N.Y.

Fig. 12.

part therefore represents one minute. A spring / keeps the

worm h tight to a ; by disengaging a and h the straight edges

may be shifted without turning c To set the instrument for

any particular angle found in the accompanying Table, it is

only necessary to turn the graduated wheel c until the requisite

number of degrees on the slide and minutes and seconds on the

wheel are recorded. To use the instrument for any angle not

given in the Table, proceed as follows :
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The angle r equals one-half of the angle subtended by the

chord ; the chord, by the radius = 1, is added to the Table

for the purpose of finding the length of chord for a radius not

c^iven in the Table. For a curve of a radius 30 feet 6 inches (see

Table"! set the instrument to the angle 1° 52.7', set off 24 inches

for the chord, place the pins and draw the curve ; but if the

radius is 30 feet 8 inches, take the next smallest radius, 30 feet

(i inches, and use also the angle V 52.7'; take the chord for

radius = 1 , wliich is .06555, multiply this by the difference, 30

feet 8 inches — 30 feet 6 inches = 2 inches, therefore .06555

Fig. 13.

c ---"^,i«.

Fig. 14.

X 2 = .1311, or about i inch ; add this to 24 inches, and 24^

inches is the required chord.

For a curve longer than 24-inch chord, given a radius set to

angle 2 v (see Fig. 18), set off points ab c d e, etc., and draw

curves with angle v. For a given chord longer than 24 inches,

and also for the central angle given, then the following (Fig. 14)

will explain : The central angle, or angle of deflection, equals 2 v ;

instrument at angle v, place it at a and c, produce the tangents,

change e to angle ^ of v and produce c, change angle to |^ i; and

produce from a and r the point h, and from e and c the point d.

Draw the curve from a, h, r, d, e. It will thus be seen that with

two straight edges, each only 25 inches long, a qurve from 24

inches in length, or less, to even 10 feet or more in length can

be easily and accurately drawn with any radius. The time re-

quired to read the above explanation is much greater than the

actual time to make the necessary adjustment of instrument. If

a chord is given and also the radius, but not the angle, the latter
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can be readily determined from the Table, if the chord is even

considerably longer than 24 inches. Suppose the chord were 8

feet and the radius 260 feet and adopted chord in the Table 2 feet,

then we have the proportion

r : 2 : : 260 : 8, or r =
^x?^ = 65 feet,

8

r being the radius corresponding to the 2-foot chord, subtend-

ing the same angle as the 8-foot chord. Find in Table 65-foot

radius, and the angle is 52.89' ; this is the angle of instrument

;

the central angle would be 1° 45.78'. To find the points in the

curve proceed as in Fig. 14. If the radius were to be 270 feet,

then the radius belonging to the 2-foot chord would be 67.5 feet

;

this is not in the Table, but 67 feet and 68 feet are, and the cor-

responding angles are 51.31' and 50.56' ; the difference is .75, and

one-half of this difference, = .375, added to 50.56', = 50.93', will

be the angle for 270-foot radius or for the 67.5-foot radius.

Fig. 15 shows a number of curves running from 2 feet 4 inches

radius to 200 feet, all with a 24-inch chord, giving a fair sample

of the work which can be done by the instrument.
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For all radii in this table the chords are 24 inches.

Radius. Angle. Chord.
Radius = 1.

Radius. Augle. Chord.
Radius = 1

.

ft. in. deg. tnin. ft. in. deg. min.

2 30 1.00000 7 8 44.21 .30379
1 28 41.12 .96000 8 8 37.61 .30000
2 27 29.80 .92307 9 8 31.17 .29629
3 26 23.27 .88888 10 8 24.92 .29268
4 25 22.61 .85714 11 8 18.77 .28915
5 24 26.60 .82758 7 8 12.79 .28571
6 28 34.70 .80000 1 8 66.95 .28235
7 22 46.17 .77419 2 8 1.25 .27906
8 22 01.46 .75000 3 7 55.68 .27586
9 21 19.42 . 72727 4 7 50.25 .27727
10 20 39.98 .70585 5 7 44.93 .26966
11 20 03.06 .08571 6 7 39.73 .26681

3 19 28.27 .66606 7 7 34.63 .26373
1 18 55.47 .64864 8 7 29.67 .26086
2 18 24.51 .63157 9 7 24.82 .25816
3 17 55.21 .61538 10 7 20.06 .25531
4 17 27.46 .60000 11 7 15.40 .25263 .

5 17 01.12 .58536 8 7 10.84 .25000
6 16 36.00 .57137 2 7 2.01 .24489
7 16 12.27 .55813 4 6 53.-52 .24000
8 15 49.60 .54545 6 6 45.33 .23526
9 15 27.90 .53333 8 6 37.54 .23067
10 15 08.16 .52222 10 6 30.01 .22641
11 14 47.55 .51064 9 6 22.73 .22222

4 14 28.65 .50000 2 6 15.77 .21818
1 14 10.54 .48970 4 6 9.31 .21428
2 13 53.19 .48000 6 6 2.53 .21052
3 13 36.54 .47059 8 5 56.26 .20689
4 13 20.53 .46154 10 5 50.20 .20389
5 13 05.13 .45283 10 5 44.35 .20000
6 12 50.37 .44444 2 5 38.58 .19672
7 12 36.13 .4:5636 4 5 33.27 .19358
8 12 22.41 .42857 6 5 27.90 .19047
9 12 99.19 .42105 8 5 22.76 .18750

10 11 56.43 .41379 10 5 17.78 .18461
11 11 44.11 .40677 11 5 12.95 .18184

5 11 32.21 .40000 2 5 8.27 .17910
1 11 20.72 .39344 4 5 3.72 .17647
2 11 09.60 .38709 6 4 59.31 .17391
3 10 58.83 .38195 8 55.02 .17142
4 10 48.41 .37500 10 50.86 .16901

5 10 38.32 .36923 12 46.81 .16666
6 10 28.54 .36:i63 2 42.87 .16446
7 10 19.0.-, .35820 4 39.45 .16216
8 10 9.85 .35294 6 35.31 .16000
9 10 11.92 .34782 8 31.64 .15789

10 9 52 . 25 .3-1285 10 28.15 .15584
11 9 43.83 . 33H02 13 24.70 .15384

6 9 35.64 .33333 2 21.31 .15189
1 9 27.68 .32876 4 18.70 .15000
2 9 19.94 .32432 6 14.88 .14814
3 9 12.41 .32000 8 11.76 . 14634
4 9 5.08 .31578 10 8.73 .14457
5 8 57.94 .31168 14 5.79 .14287
6 H 51.00 .30769 2 2.86 .14117
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Kai ills. Angle. Chord.
Radius = 1

.

Rjxdiiis. Angle.
Chord.

Radius = 1.

ff in. deg. mill. ft- in. deg. min.

4 0.03 .13953 9 1 59.60 .06956
6 3 57.87 .13827 29 58.56 .0()896

8 54.57 .13636 3 57.55 .06837
10 51.93 .18483 6 56 55 .06779

15 49.35 .13333 9 55.57 .06723
3 45.58 .13114 30 54.61 .06UG6
6 41.95 .12903 6 52.70 .06555
9 38.41 .12698 31 50.91 .06451

16 35.00 .12500 6 49.15 .06349
3 31.68 .12307 32 47.44 .06250
6 28.48 .12121 6 45.97 .06153
9 25.36 .11940 33 44.19 .06060

17 22.36 .11764 6 42.63 .05970
3 19.40 .11594 34 41.25 .05882
6 16.54 .11428 6 39.65 .05797
9 13.78 .11267 35 38.19 .05713

18 11.08 .11111 6 36.85 .05633
3 8.47 .10959 36 • 35.50 .05555
6 5.91 .10810 6 34.19 .05479
9 3.43 .10666 37 32.92 .05405

19 1.01 .10526 6 31.68 .05333
3 2 58.66 . 10389 38 30.48 .05263
6 56.37 .10256 6 29.30 .05194
9 54.13 .10126 39 28.15 .05128

20 51.97 .10000 6 27.04 .05063
3 49.83 .09876 40 25.96 .05000
6 47.76 .09756 6 24.88 .04938
9 45.73 .09638 41 23.86 .04878

21 43.75 .09523 6 22.85 .04819
3 41.83 .09411 42 21.86 .04761

6 39.95 .09302 6 20.90 .04705
9 38.11 .09195 43 19.95 .04651

22 36.31 .09090 6 19.03 .04597
3 35.63 .08992 44 18.13 .04545
6 32.84 .08898 45 16.40 . 04444
9 31.15 .08791 46 14.74 .04847

23 29.51 .08695 47 13.14 .04'J55

3 27.90 .08602 48 11.62 .04166
6 26.33 .08510 49 10.17 .04081
9 24.79 .08431 50 8.77 .04000

24 23.27 .08:J33 51 7.41 .03921
3 21.80 .08247 52 6.12 .03846
6 20.35 .08163 53 8.47 .03773
9 18.94 .08080 54 3.66 .03703

25 17.54 .08000 55 2.51 .03636
3 16.18 .07920 56 1.39 .03571
6 14.85 .07843 57 0.31 .03508
9 13.54 .07767 58 59.27 .03448

26 12.25 .07692 59 58.27 .03389
3 11.00 .07619 60 57.30 .03333
6 9.27 .07547 61 56.36 .03278
9 8 54 .07476 62 55.45 .03225

27 7.35 .07407 63 54.57 .03174
3 6.15 .07339 64 53.72 .03125
6 5.03 .07272 65 52.89 .03076
9 3.91 .07207 66 52.09 .03030

28 2.80 .07142 67 51.31 .02985
3 1.71 .07079 68 50.56 .02941
6 0.65 .07017 09 49.82 .02898
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Rad us. Angle.
Chord.

Radius = 1.
Radius. Angle. Chord.

Radius = 1.

ft- in. deg. nun. ft. in. deq. min.

70 49.11 .02857 154 22.32 .01298

71 48.43 .02817 156 22.04 .01282

72 47.75 .02777 158 21.76 .01265

73 47.10 .02739 160 21.48 .01250

74 46.46 .02702 162 21.22 .01234

76 45.23 .02631 164 20.96 .01219

78 44.07 .02564 166 20.70 .01205

80 42.97 .02500 168 20.46 .01190

82 41.93 .02439 170 20.22 .01176

84 40.93 .02381 172 19.98 .01162

86 39.97 .02325 174 19.75 .01140

88 39.07 .02273 176 19.53 .01186

90 38.20 .02222 178 19.31 .01123

92 37.37 .02173 180 19.10 .01111

94 36.57 .02127 184 18.68 .01086

96 35.80 .02084 188 18.28 .01063

98 35.07 •02042 192 17.90 .01041

100 34.38 .02000 196 17.54 .01020

102 33.70 .01960 200 17.19 .01000

104 33.05 .01923 204 16.85 .00980

106 32.43 .01886 208 16.52 .00961

108 31.83 .01851 212 16.22 .00943

110 31.25 .01818 216 15.92 .00925

112 30.70 .01786 220 15.63 .00909

114 30.15 .01754 224 15.35 .00892

116 29.66 .01725 228 15.07 .00877

118 29. IB .01695 232 14.83 .00862

120 28.65 .01666 236 14.57 .00847

122 28.18 .01639 240 14.32 .00833

124 27.72 .01612 244 14.09 .00819

126 27.28 .01578 248 13.87 .00806

128 26.86 .01562 252 13.65 .00793

180 26.44 .01538 256 13.43 .00781

132 20.04 .01515 260 13.22 .00769

134 25.65 .01492 264 13.02 .00757

136 25.28 .01470 268 12.75 .00741

138 24.91 .01449 272 12.65 .00735

140 24.55 .01428 276 12.46 .00724

142 24.21 .01408 280 12.28 .00714

144 23.87 .01388 284 12.11 .00704

146 23.54 .01369 288 11 94 .00694

148 23.23 .01351 292 11.77 .00685

150 22.92 .01333 296 11.62 .00675

152 22.61 .01315 300 11.40 .00666
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I

DLXI.*

THEORY OF DIRECT-ACTING STEAM PUMPS AND
ITS RESULTS

BT DAVID GUELBAUM, SYRACUSE, N. T.

INTRODUCTION.—The author of the following paper is a graduate of the

Technological Institute of St. Petersburg, Russia, and the theory which he has

elaborated is presented to the mechanical engineers of America for their com-

ment and criticism. If it shall provoke discussion of the theoretical principles

involved, which appear to be sound under the conditions named, the object of its

introducer will have been secured. F. R, Hutton.

The object of this article is to investigate the motion of direct-

acting steam pumps, taking account of the inertia of the moving

parts, of the water in the suction and discharge pipes, and of the

conditions of continuity of all moving parts ; and to determine

whether there exists any means for regulating and governing the

working velocitj- other than by the introduction of artificial com-

pensators, such, for example, as balancing cylinders under very

high pressure. The analytical results show that such means do

exist, and, even when the steam is worked expansively, a desired

moderate working velocity and a steady action can be obtained

without having recourse to artificial compensators; so that, theo-

retically, the motion of a simple and cheap direct-acting steam

pump of average dimensions can be made as perfect and govern-

able as that of a costly pumping engine with crank-shaft and fly-

wheel or other compensators.

These results may justify the exposition of the theoretical con-

siderations from which they are deduced. One not desiring to go

through the investigation may pass at once to the final results and

tables commencing at section VI. , the equations of the redtilinear

motion of the moving masses in direct-acting steam pumps.f

* Presented at the New York meeting (December, 1893) of the American Society

of Mechanical Engineers, and forming part of Volume XV. of the Transactions.

f A part of this article, without consideration of the quantity L and of the

conditions of continuity, and omitting some of the formulae and tables, has been

published by the author in the Russian Mininy Journal, St. Petersburg (No. 4),

April, 1889.
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In order to treat the subject in a general way, we shall assume

that the steam is worked expansively, the power being regulated

by the variation of the degree of expansion.

.._:^-.

Pi ^2

'JJ.

-in-

/lo

Fig. 16.

z

.-Jrz^;:^

Tlie analysis will show whether or not such a system of working

is possible.

Tlie motion of the piston may be divided into three jieriods :

(1) The period of steam admission. The limits of this period
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may be denoted by o and l\ where e denotes the ratio of cut-

off.'

(2) The period of expansion up to the coromencement of com-
pression of the steam on the other side of the piston. During

«this period the steam is being expanded on the M'orkiug side

and exhausted on the other side of the piston. The limits of

this period will be c and 1 — e^, where e^ denotes the ratio of com-
pression.

(3) The period of compression ; the limits of which are 1 — e^

and 1.

ATe shall also assume that there is an air vessel on both the

discharge and suction pipes, the pressures in them being pi and

pi. Let the vertical height between the water levels in these

vessels be denoted by h^, as on the diagram. Let p denote the

weight of unit volume of the liquid. The pressure due to a

column of liquid of height, I, will therefore be pi.

Then the diflferential equations of the piston motion for each of

these periods will be :

-^. = '^\p -2^' - il'i - Ih + 9h + li)v\\ oLxLe (1).

eLxLl — (?!.... (2)-

1 - e^LxLl (3).

Where s represents the distance travelled by the piston, and x

is the ratio of that distance to the whole stroke S, so that

s = xS.

m, the ratio of the clearance volume to the volume of the

whole piston stroke.

W, the weight of the moving parts.

]), the steam pressure during admission.

j?', the exhaust pressure on the other side of the piston.

A, the area of the steam piston.

V, ratio of the area of the pump piston to that of the steam

piston, so that y]A denotes the area A^ of the pump piston.
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R, the frictional resistance calculated per unit area of the

pump piston, so that BrfA is the total frictional resistance.

Further, denote the velocities of flow of the liquid in different

parts of the pipe system by v, v^, Vo, v\, v^, u,, as in the diagram
;

and the volumes of the air in the suction and delivery vessels by

h^Q and bo, when the pump is at rest and the pipes filled with

liquid ; and the pressure and volume of the air in the vessels at

any other time by p2, 62 and pi, bi.

To deduce equations with reference to the motion of the water,

we may notice that the work done by external forces during an

interval dt in introducing water into the discharge air vessel is

represented by pittoVodt and this must be equal to the sum of the

following quantities during the same time :

(1) The increase of potential energy of the air within the dis-

charge vessel due to the change of its volume by an amount — dbi

;

i.e. —2)idbi.

(2) The work done in raising a quantity of water having a vol-

ume avdt against a pressure phi + n ; i.e., av {phi + 7t)dt.

(3) The increase of kinetic energy of the column of liquid in tlie

discharge main whose mass is

aph . aph , fv^

9 J/ V2

(4) The kinetic energy of the water discharged from the air

vessel; i.e., avdtp^.

Hence we have the equation

:

aopiV^jdt = — pidhi + {phi + 7r)avdt -\ — (5- ) + avp^dt. ..(4).
g \A / Ag

Also expressing tlie relation between the forces acting on the

water in the discharge main—namely, the pressure across the

inter face, xx, and the weight of the column of liquid—and the

acceleration produced, we have

dt.-^ pli
^^^-
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Applying the law of Boyle aud Mariotte to the air withiu the

discharge vessel, we obtain

pA = {Ph + 7r)ho (6).

The analogous equations for the suction air vessel and main are

/ a\p2V^(fiit = p.db + (p//2 — tt) a^vhlt H — d i-^j + a^v^p*^ dt

(7).

C I dv^ /), —(tt — pJh^ .^.

dt=-'^^^—K ^^^•

i>2&2
= (^ - p/'a) ^'o (9)-

II.

From these equations we ought to be able to deduce all the

conditions of motion ia steam pumps of the kind here considered.

Thus, equations {A) would enable us to determine the variable

piston velocity at each point of the stroke ; equations {B) would

enable us to determine at any point of the stroke the varying

pressure, pi, and volume, bi, of the air in the discharge vessel and

the velocity, v, of the liquid within the discharge main. The
analogous quantities for the suction air vessel and main would be

obtained from equations (C). Without entering, at present, on

the complete solution of these equations, we can deduce from

them one general conclusion. For this purpose let us multiply

ds
the left-hand side of the equations A hj W -jj dt, and the right-

hand side by Wds ; i.e., WSdx. Expressing the fact that the same
quantity of liquid must pass across any section during a given

interval dt, we have

tjAds = TjASdx = QoVodt — a\v\dt (10).

In equations (A) replace the quantities rjAp^dx and rjApidx by
their equivalents from equations (4) and (7). Now integrate

between the indicated limits and sum the three equations. The
left-hand side of the resulting equation represents the increase of

the kinetic energy of the moving masses, W^ during a complete

stroke, and this increase in the case of direct-acting steam pumps
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is always zero at each end of the stroke. The right-hand side will

represent the work done during the same time :

(1) By the steam pressure.

(2) By the frictional resistance.

(3) In increasing the potential energy of the air in both air

vessels.

(4) In raising the quantity of liquid 7fAS.

(5) In increasing the kinetic energy of the whole mass of liquid

within the delivery and suction pipes.

(6) In the communication of kinetic energy to the quantity tjAS

of liquid raised during suction and delivery.

Also observing that when the motion is settled the quantities

(3) and (5) are each zero for a complete stroke, we obtain finally

:

1 + m~
,
r , , ei + w~l

1^7^
I

e + (e + m)log.
^^jT^J

-^ ^1 - ^i + (ci + m) log,

- V
7 v\ + vi ^

pf' + p-^ + n

TO

*
or,

P e -¥ {e + m) log,
1 + m'

e + m P 1^1 -e, + {e, + m)log.-^^^J =

'/p^ (11);

where h represents the total height through which the liquid is

to be raised, and ^denotes h + an additional height equivalent to

the resistance due to friction and to the kinetic energy of the

liquid.

Equation (11) contains nothing specially characterizing direct-

acting steam pumps and could have been written apriori, without

the foregoing discussions, in a similar manner to equations of the

same kind referring to ordinary steam-engines and pumps with

crank-shafts and fly-wheels. Yet it cannot, as in the case of ordi-

nary steam-engines, be taken as a basis for the determination of

the dimensions of a direct-acting steam pump. In direct-acting

steam pumps, considered kiuematically, the stroke of the piston is

not limited, and all the moving masses are subjected only to the

free action of external forces and accompanying reactions. In

such cases the circumstances are wholly governed bj' the natural

dynamical laws in accordance with the quantity and distribution

* The logarithms used here and in what follows are Naperian logarithms.
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of the external forces and masses. Therefore, in the case of direct-

acting steam pumps the stroke of the piston and its velocity at

eveiy point due to a given steam pressure 7), degree of expansion

e, and given moving masses, will represent fixed quantities and can-

not be chosen arbitrarily. Consequently, applying equation (11)

to direct-acting steam pumps, the value of the quantities

y 1 — ei + (e, 4- w) log.
6] + m
m

as dependent on the length of the stroke, and the value of

P -^2^ and B,

as dependent on the piston velocity, must be regarded as fixed

but unknown quantities, which are yet to be determined in accord-

ance with the working forces and masses. Hence, if taken

separately, equation (11) cannot be applied even to a direct-act-

ing steam pump already constructed, where the ratio if is known,

less to one yet to be designed. By reason of this characteristic,

only a dynamical equation of motion can be considered as a

deciding one for direct-acting steam pumps, and only in connec-

tion with such an equation can be made use of equation (11),

which refers only to the moment when the piston stops, but not to

its motion.

III.

The equations {A) will enable us to obtain the above-mentioned

dynamical equation ; but, before doing so, we will settle the follow-

ing questions

:

(1) What will be the mean values of the air pressures pi and p2
within the air vessels during one complete piston stroke ?

When the suction and discharge air vessels are of sufficiently

large dimensions, and especially in the case of duplex steam

pumps wdiere there exists a constant flow of liquid from the suc-

tion air vessel to the pump, and from the pump to the dis,charge

air vessel, the oscillations of the air pressures pi and pi within the

vessels during each piston stroke will be inconsiderable. The
mean value of either of these pressures—namely, that which would

6
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have accompanied a state of equilibrium of all the forces acting on

the piston, and a uniform flow of liquid to and from the air ves-

sels (such a state being the middle point of the oscillations)

according to the law expressed in the general equation

— + A + ?r = constant (12)

—will be equivalent to the vertical distance from the liquid level

within either air vessel to the liquid level within the correspond-

ing reservoir + the atmospheric pressure height + the height cor-

responding to the kinetic energy of the liquid moving with its

mean velocity. Hence, in equation {A) we can, with sufficient

approximation for practical purposes, replace the variable quantity

Pi — Pi -^ P^h by its constant mean value

7 f^^\ ( 7 P^^2^
, 7

•
7 ,

,2

where li (= /«i + /i., + hz) represents the total height to which the

liquid is raised, and Vi, Vt denote the mean velocities within the

discharge and suction mains. If we put H = h + -^—'- + a

height corresponding to the frictional resistance

—

i.e., a total height

equivalent to the indicated work of the steam cylinder as per

equation (11)—the variable expression (pi — p« + PK + R) in equa-

tions {A) may be replaced by its constant mean value pTL

(2) What kind of masses are to be included in the quantity W
introduced in equations {A) ?

Let TF, denote the weight of the solid parts connected with the

cls

piston, which moves with a variable velocity ,, ; and let v^ denote

the variable velocity of the liquid column of the leni^th I, and sec-

tional area «„ enclosed between the air vessels, supposing, for

simplicity, that the area is the same, a^, throughout the length L

Then the first of equations {A) can bo written in the form

_-, drs IVi drs 1 jcZt?,, / , rT\ t /-io\

^'^d^^-g'' .It
+ -g "««'

,lt
= ''' - '' - ""^'^ (l^*)-
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But, as before, we have at any moment a^^v^dt = i;Ads ; i.e.,

a.,i'o = ';^-l-T : therefore,
a

Introducing this expression for ~ in the above equation, we

obtain

d's _ gA{p — p' — vpH)
dP ~ JVi + p7]Al

This shows that the inertia of the mass of liquid enclosed be-

tween the air vessels is equivalent to that of a liquid column of

the same length I, and of cross sectional area equal to the area of

the pump piston, and moving with the same velocity as the

piston. Therefore, we shall always replace

Tr( = TFi + prjAl) by pvAL (16)

where L denotes the length of the column of liquid enclosed

between the air vessels, together with the length of a column of

liquid of cross-sectional area, equal to that of the pump piston

and of the same weight as the solid moving parts.

(3) "What constitutes the condition of continuity of the liquid

column enclosed between the suction and discharge air vessels,

that is, the condition that this liquid column forms, together with

the piston, one mass which cannot get any motion independently

of the piston ?

If in a body submitted to the action of external forces, the part

on one side of a section has no motion relatively to this section,

the resultant of the forces applied to this part will be directed

toward this section and not away from it. Hence the resultant of

all forces applied to any part of the li(juid column between the

discharge air vessel and a given section x^x^ must be directed

towards this section ; i.e., opposite to the motion of the liquid col-

umn. It follows that each elementary increase of kinetic energy

of this part of the column is negative, and, as the velocity i&

always positive, the acceleration must be negative, for

I

d
'd.f _ (h d^s

^'^"dtdf'
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Hence the condition for continuity of the liquid column is, that

the acceleration of any part of the column enclosed between the

discharge air vessel and a given section is always negative. The
acceleration at the section x^Xi in the direction of motion of the

liquid is

pr/AL ciq

also the acceleration in the opposite direction is

ao{pho + tt)

9
paok

where Aq denotes the vertical distance from the section to the

level of liquid in the upper reservoir, and 4 the length of the part

of the column from x^x^ to the air vessel. Consequently the con-

dition for continuity of the column of liquid will be

ijpAL cto
— '^ pajf)

or

J^-l<4x^x^±#? (17).

The + sign on the right-hand side relates to the liquid in the

discharge main, and the ~ sign on the right-hand side relates to

the suction main, for which also Aq^^o ought to be replaced by the

corresponding values h\ l\ aV (See sketch.)

Equation (17) provides, as shown later, sure means for obtaining

under every circumstance continuity between the pump piston and

the liquid column, which, therefore, in the further investigations

we shall consider as one wiiole mass of the weight pr]AL submit-

ted to the action of external forces.

IV.

We shall now proceed to the integration of equations {A). As
shown in section in. we may replace (7>, — jh + Ms + ^) ^.Y P-^^,

and IF by prjAL. Performing these substitutions, and multiply-

ing the left-hand sides hy ^j- x dt, the right-hand sides by '2ds^

i.e., SaSt/x, and integrating, the equations take the form
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1HS)'=I^D^'-'—^x'- o<x<e\

«"</( '^; ) = ^^
I

f—^— p - p^ — 7]pH \ dx ; e<x<l—e^ ;

J vs \dtJ 7;pLii-ei

e + m e, + m
p —

1 — ei<x<l ;

where Vi and V3 are the velocities of the piston when x = e and

when X = 1 — e^. Hence
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Putting X = em the first of these equations, we have

Putting 5c = 1 — ^1 in the second of these equations,

we have

(18).
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p{e + (e + m) log.

1 — <?i + m
e + m
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Hence

diJ tjpL

clsV ^ 2gS

dtJ r/pL

p —]9- — rjpH X', o<x<,e; (19).

p{e + {e -{- m) log.
^

)
— iPi "^ ripH)x

e + 'III

D

dt) =;^|/(^ + (^ + -)log.

TjpIIx + p^
\ {ci + m) log.

e<x<l -
<?i; (20)

1 -\- m — X

X + 711

e + m
(l-^^)[

t-i + ni

l-e,<x< 1; (21).

The next integration would enable us to determine the time of a

complete piston stroke and therefore also the mean velocity of the

piston motion. But from equations {D) even in their present state

we can obtain the above-mentioned dynamical law of motion for

direct-acting steam pumps. In equations {D} let the second factor

on the right-hand side be denoted by {T^) and let r^pHhe denoted

by {T). By equation (11)

T — r]pll — p> e \- {e -{ iii) log.
1 + III

e + m,

f 1 — <?i + (di + m) log. -

Then equations {D) may be written :

in _

.(22)..(ItJ —
J X —~i ;

,

1
The expression -^ evidently represents some function (p (p, e) of

the steam pressure and its expansion degree ; that is, a function

dependent chiefly on the mode of distribution of the steam press-

ure. Putting

we have the equation

2(/ \dtJ

(23)
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which gives at every moment the relation between the variable

piston velocity and the existing working conditions. If equation

(Is

(23) exists for the varying velocities -r; of the piston, then an

equation of the same form certainly exists for the mean velocity

= -
j

, where 6" is the complete stroke and t is the time of a

complete stroke ; but the function of ^) and e will be different.

Thus equation (23) can be applied to the mean velocity of the

piston ; and as it contains all the elements of the motion or their

equivalents—namely, the path of the piston, its velocity, the mass

of all the moving parts, and the external forces—it may be

regarded as the law of motion for direct-acting steam pumps. It

will be more convenient to have equation (23) in the form

S H^~= 4 j^^{p,e); (24).

It may be interesting to notice that the dynamical equation

(22), like the statical equation (11), could have been written

a priori without the foregoing deductions. Indeed, it is evident

that T^ means the surplus of work developed during the path

s{= Sx) by the steam over the total resistances relative to one

unit of volume of the whole stroke. Therefore, multiplying and
dividing the left part of equation (22) by t^p, and noticing from

equation (11) that fjpllis = T, we obtain

2^
-t^ApL = ASn.

Here the left part represents the kinetic energy of the moving
parts connected with the pistons at the given point s { = Sx),

which kinetic energy—as is well known—is equivalent to the

surplus of work developed by the steam during the path s { = Sx)

over the work of all resistances as expressed on the right hand of

the above equation. This circumstance may give confidence in

the above accepted method of investigation, at the same time

suggesting how, in an existing direct-acting steam pump, the

values of the function cp { p, e) or <? (^>, e) can be determined from
ordinary indicator diagrams.
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V.

The function of equation (24)

—

<P
( j9, e)—can be determined in

the following way. Divide the piston stroke into four periods,

and let Si, S-2, S^, S be the values of s at the ends of these periods.

The periods are

:

(1) From the beginning of the piston stroke to the period of

cut off; ^^1 = Se.

(2) From the point of cut off to the point where the piston

attains its maximum velocit3^ The value of S-z is obtained

from the condition that when the velocity reaches its maximum
d'-s— — 0^ and therefore from equation (2)

W
Hence

{e-\-m)8
, TT = 0.

S2 = S02
_p^ + ypll

— ni \.

(3) From the point of maximum piston velocity until the begin-

ning of the compression of the exhaust steam ; S3 = S {1 ~ <?j).

(4) From the beginning of compression of the exhaust steam

until the end of the piston stroke. Denote the piston velocities

at the end of each of these periods by Fi, Vo, Fg, V {— 0)

respectively. The values Vi and F3 have already been found

(equation 18), and V2 can be obtained from equation (20) by

putting

{e + m)2)
X =

((!L±.»il£ ,„) ];.... (25).

Assume for simplicity that the motion of the piston during each

of these periods is uniformly accelerated. This assumption is

quite correct for the first period, as during it the motive power is

constant, and for each of the other periods it is equivalent to

replacing the varying accelerations by a constant acceleration

—

equal to some mean value—which gives the existing velocity at
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the beginning and at the end of each of these periods. There-

fore, according to the law of uniformly accelerated motion, the

times required by the piston to pass through each of these periods

will be equal to these periods divided by the arithmetic mean of

the velocities at the beginning and end of each period ; i.e., will be

S, s, - s. S^ — S-2 S — jSo^3

iF:'i(F2+ F,)'i(F3+ F)' iV,
'

respectively. Therefore, the mean velocity of the piston will be

e
F= V2(/ir = j =

s
Si S2 — Si

+ 1
S3 — S2 xS* — ^3 ;

.

(26).

iVx i{v.,+ F,)"i(F3+ r,) \y.

Replacing S^, S2, Ss by their values

Se, S
'{e + m)p — in , ^(1 -

^i),

and Fj, Y-i, F3 by their values already found, we obtain from

equation (26) the same equation as (2-i), but with the following

form of function ^ (^>, e)

^ {ih <^) =\^p(e + {e + m) log. ^^') -J)' (l - e,

, (e + m)p

+

(^1 + w) log.
vr,

1 —
(?i

+.tn —

e 2^ + ripH
m

{e + m)])

+

(27; <!

VT2 + VTs
+
VT,

where Ji = {jj — // — rjpH) e
;

e + {e -^ m) log.7;

T,

V
P

,1

= p\ e + {e + m) log
1 —

<?i + m
e + m _

(y + vpH){l-ei),
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YI.

Thus in direct-acting steam pumps the work done and the cir-

cumstances of the motion are expressed by equations (11), (IT),

and (2-1). Modifying these equations to make them suitable for

general use, we have :

(I.) = e -\- {e ^- 11%) log.—

;

^ 1 - ^1 + (ei + m) log. ^ -'

(11.)

,

(HI.) 1 = 4 §-' ^(i>,^) = ^^^(i^'^);

where ^ denotes the pressure of the live steam, in atmospheres

or any other units
;

^\ the pressure of the exhaust steam

;

A, the area of *he steam piston

;

A\ the area of the pump piston
;

//, the ratio of the area of the pump piston to that of the steam

piston, so that A} = ?^A
;

e, the ratio of the cut-off to the whole stroke

;

Ci, the ratio of compression to the whole stroke
;

m, the ratio of the clearance volume to the volume of the whole

piston stroke, so that the clearance = viAS;

p, the weight of one cubic unit of the liquid pumped

;

«,), the area of the pipe between the punq) and the discharge

air vessel at any section x, Xy
;

7*0, the vertical height of the level in the reservoir above sec-

tion X, a?i

;

/(I, the length of the pip(5 botwiUMi ,/, ,/•, and tlu^ discharge air

vessel

;

((}{), fi\), l\), the corresponding quantities for the suction air ves-

sel and main (see sketch)
;

//, the resultant height through which the liquid is to be raised



THEORY OF PIRECT-ACTI^'G STEAM PUMPS. 91

being the total pressure height h, together with an additional

height equivalent to the frietionnl resistance and the kinetic

energy of the liquid
;

L, the length of the column of liquid between the air vessels,

together with the length of a column of liquid of cross-sectional

area equal to that of the pump piston A^ and of the same weight

as the solid moving parts

;

^ {pj ^)> the function of the steam pressure and expansion

degree given by equation (27).

Lengths, areas, pressures, and velocities may be expressed in

any desired units, as the formulae contain only ratios and not

absolute quantities. To facilitate the use of these formulae the

following tables have been calculated, taking^;' — 1.1 atmospheres

( = 16.18 lbs.), €, = 0.1 and m = 0.05.

By means of these tables the application of equations L, II., and

III. to the design and construction of direct-acting steam pumps
and to the examination of those already in use is made easy ; and

although by reason of the absence of practical constants the values

obtained from these equations must be looked on as approximate

only, yet their application will show clearly in each case how the

motion of the pump is to be governed, and these approximate

values may even prove satisfactory enough for practical purposes.

VII.

To illustrate the significance of these equations and tables, and

their practical application, we shall apply them to the well-known

'yi^'orthington direct-acting steam pumps. With regard to these

pumps it seems strange at first sight that most of them are being

arranged without cut-off of the steam inlet, and that to obtain ex-

pansion of the steam they have to be provided with additional com-
pound cylinders,while a cut-offof the steam inlet can generallybe ob-

tained by different means, wliicli would especially raise the efficiencv

of these pumps, working as they do with large clearances and a short

piston stroke. The equations and tables explain this. The average

dimensions of these pumps are: piston stroke, about 10 inches;

mean velocity of the piston, aljout 20 inches per second ; ratio of the

area of the liquid piston to that of the steam piston, between 7 and \.

The discharge air vessel is placed over the pump. Let us suppose
that in such a pump, without com|)ound cylinders, a cut-off is ar-

ranged at one-third of the stroke, and let the steam pressure at inlet
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be 5 atmospheres {= 73.53 lbs.). Then from Equation I. and Table

, - Of. n 1 \ X p X H
I., supposing tf = I and p = p x o X 66.\), we have ——= ^^ =

0.-185 ; /. c, the possible raising height, including all frictions, etc.,

is H = 247 feet. The height of the liquid column from the pump
jiistou to the surface of the liquid in the discharge air vessel, and

from the pump piston to the surface of the liquid in the suction air

vessel, if such exists, may be taken to be about 2 feet each. The

length of a liquid column with a cross-sectional area equal to that

of the pump piston, and of weight equal to that of the solid mov-

ing parts, can be easily and correctly determined for each special

case. Suppose the thickness or height of the steam piston is 4

inches, and its specific gravity referred to the pumped liquid, in

this case water, is 7.5 : then the length of a column of water

having a cross-sectional area equal to that of the pump piston, and

of the same weight, will be 4 x 7.5 x 8 ; i. e., 7.5 feet. Suppose

the weight of the other metallic parts, piston-rod, etc., be equal

to a water column with the same base and 4.5 feet long: then

Z/ = 2' + 2' + 7.5' + 4.5'; i.e., L = 16'. Hence from Equation (III.)

and Table III., H = o^^^\,n x 3.00 ; therefore, V = 8.3 feet.
lb 32.2 X 247

Thus in the case of a cut-off at one-third of the stroke, the mean
piston velocity would be about 8.3 feet per second, in consequence

of the large difference between the motive power and the resist-

ances during the first half of the stroke. Such a piston velocity

is of course out of the question, and hence it is found necessary

in practice to give up the advantage of steam expansion in direct-

acting steam pumps of average dimensions, where the employment
of existing compensators for keeping the piston velocity moderate

and uniform would lead to too great complication and increase in

])rice of this cheap and simple engine ; while by working these

pumps with plain steam pressure during the whole stroke the sur-

plus of the motive ])Ower over the resistances, and, therefore, also

the piston velocity, can be regulated easily and as desired by the

steam inlet valve.

Equation (III.) offers also sufficient means for keeping the piston

velocity moderate and uniform, the steam being used expansively.

These means are :

fl) Equation (III.) shows that the piston velocity is decreasing

with decrease of IJ. Thus ior H = 11 feet (the corresponding

value of 7 is to be taken about 7^) equation (III.) would give a mean
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working velocity of about 20 inches per second. Therefore, in low

service pumps a suitable working velocity can be attained even

when the steam is worked expansively and no special arrange-

ments for moderating the piston velocity are used.*

(2) Equation (III.) shows the piston velocity is decreasing with

the diminution of the length of stroke S. This property of direct-

acting steam pumps has, it seems, been already made use of in

practice, as in almost all direct-acting steam pumps the stroke of

piston is equal to, or even less, than its diameter.

(3) Equation (III.) shows that the jnston velocity is less the longer

is the liquid column enclosed between the air vessels ; that is, the

further the discharge vessel is placed from the pump. Thus, in the

case of the above-mentioned pump, the value of Z required to reduce

the mean working velocity to 20 inches per second is, by Equation

(III.) and Table III, given by^^ = 2 x ^^§^ x 3.00
;

hence, Z = 398 feet Deduct from this : 12 fee^ corresponding to

the weight of the moving solid parts ; 4 feet, the usual distance

between the air vessels ; and 10 feet, the supposed length of the

suction of liquid (in the case of a long forcing column the suction

air vessel can be dispensed with, as is shown later), and we see

that, for the attainment of a mean working velocity of 20 inches

per second, the forcing air vessel must be removed from its usual

])lace to a distance of about 370 feet. The necessary condition

for constant continuity between such a column of liquid and the

])ump ]>iston will be, according to E(juation (11.) and Table II.,

1'^ 1 ^ 3^37 " «-'-'«9; "• 5, ~ '''' ^-' f°'- "'« »«

tion column, <; > I| x ^^^Ji^ xO.fiOO ;,•.... «^' > 0.180.

Therefore, to secure stability of motion, it is sufficient to have the

])ipes between tho ])umi) and the discharge and suction air vessels

of cross-sectional area not leiiis than 0.517^' and 0.189^1' respec-

tively.

(4) As L includes not only tho length of the liquid column cou-

* In 1881) a London firm erected at St. Petersbur<r five dui)lex direct-acting com-

pound condenHing steam ])umi)H for raising water from tlie Neva to filters i)laced

in the ground, each pump having an output of about 8,000,000 gallons per 24

hours. In these pumps the ratio ?/ is about 7, the final steam expansion 3. the

boiler pressure 75 Ib.s., and the mean piston velocity about 20 inches i)er second

without compensators.
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nected with the piston, but also the length equivalent to the weight

of the moving solid ]>arts, bv increasing the weight of these parts,

or by the introduction of a special solid mass connected in auy
way to the jiiston rod, we can obtain a corresponding decrease in

the mean working velocity. Such increase of L without increase

of the distance of the forcing air vessel from the pump, besides

diminishing the mean velocity, will also increase the stability of

the motion of all the ])arts, making the connection of the liquid

column between the air vessels to the pump piston more secure,

as is seen from Equation (11.).

(5) From Equation (III.) it is seen that the mean working veloc-

ity is decreasing with increase of ^ (^>, <?), and from Table III. we

see that ^ {j>. e) increases with increase of the original steam

pressure and with increase of the steam inlet (e). Suppose a direct-

acting steam pump is constructed for a given working velocity and

with a certaiu steam expansion degree. We can, leaving the

quantities S L H And rj unchanged, vary the working piston veloc-

ity by altering the steam pressure (p) and the steam expansion de-

gree {e) ; because Equation (I.) can be satisfied by different sets of

values of /) and e, while the value of ^ (jo, e) changes. Thus, Table

I. shows that for p = ^ atmospheres and e = | has

nearly the same value as for ^ = 5 atmospheres and e — 0.4,

while Table III. shows that for the same value, ^ {p, e) decreases

from 5 to 3. ST. Thus the piston velocity can be varied within

considerable limits, because, by means of the cut-off mechanism,

the steam expansion can be varied and the steam pressure can

always be varied as desired. Hence, in every direct-acting steam

pump working under given conditions S L ^and y, and provided

with a cut-off mechanism which has a scale showing different cut-

off degi-ees, there can be marked on that scale the different mean
working velocities corresponding to each cut-off degree ; so that

in setting a certain cut-off, and regulating the steam pressure to

give the fixed length of stroke S, the engineer will at the same

time obtain nearly the desired piston velocity marked on the

scale as coiTesponding to that cut-off.

(0) Formula (II.j shows that in direct-acting steam pumps the

influence upon the motion stability lies not in the absolute weight

L of all the moving masses, but in the ratio t- of the total weight

to the weight of the single water column enclosed between the
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pump piston and the next air vessel, while the working velocity,

according to Equation (HI.)) depends on the total weight L ; conse-

quently the pump motion can be made steady independently of its

working velocity. Under the term, stability of motion in pumps,

as far as the governing of the moving water columns is concerned,

should be understood the condition that the three moving bodies

—

namely, the pump piston and the two water columns between it

and the air vessels—should move together like one solid mass
;

i. e., these water columns should always stick to the piston, begin to

move and come to rest at the same time, because in such a con-

dition no water blow can take place, and the opening and closing

of the suction and discharge valves, if properly constructed, would

occur in the right time. If such a motion stability can be safely

attained at velocities twice or thrice as high as compared with

those of the present existing pumps, and Formula (II.) shows that

it is attainable, then why not use higher velocities and lessen the

size and number of pumps ? At higher velocities the total length

L, as determined from Formula (HI.)? will be 3 — 4 times less, so

that a short removal of the discharge air vessel may be enough to

create a steady motion and a reasonable working velocity in accord-

ance with Formula (III.), even working with considerable steam

expansion.

The foregoing leads to the conclusion that in direct-acting steam

])umps the moving masses offer in themselves sufficient means for

the governing of their motion, and there seems to be no necessity
*

for the introduction of artificial means for this purpose, such, for

instance, as fiy-wheels and special compensators. Of these nat-

ural means the most radical apjiears to be the utilization of a part of

the pumped liquid to obtain any desired working velocity in a pump
working under given conditions SHp and e. This mean used

separately or in combination with some other of the above-men-

tioned means seems to be, according to Equations (II.) and (III.),

so sure and, in comparison with existing compensators, so simple

that its application may prove most suitable in practice, especially

in cases of water and oil supplies at large distances, and even

in cases where there is no liquid column sufficientl}' long it may
be found of advantage to lengthen the column with the above end

in view.

The above conclusions, of course, are made from a theoretical

point of view, and there may arise many constructional difficulties

in carrying out the system in practice. One especially suggests
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itself : How could the eugineer control the discharge air vessel

which may be placed some hundred feet distant? As engineering

obstacles are getting removetl, little bj^ little, this one and many
others also may and. probably, soon will be overcome. The author

has. indeed, abead}' devised an arrangement in which most of the

difficulties appear to be fully overcome.

DISCUSSION.

l*rof. John E. Sweet.—It seems to the writer that the funda-

mental notion, mathematically demonstrated in the author's

contribution, is one which can be understood and considered

mechanically without the mathematical demonstrations. In fact,

it is likely that such a consideration comes first, and must have

come first, in the author's mind ; but, being a man with mathe-

matical training, he has taken that method to set forth his notion,

overlooking the fact that a good many of us who build engines

and pumps do not absorb ideas readily in that way.

The proposition, it seems, is simply this : to use what Mr,

Chas. T. Porter called the reciprocating fly-wheel, and apply it to

a direct-acting steam pump for the purpose of using the steam

expansivel}'. That is, he proposes to make a steam pump with

an enormously heavy piston use a larger steam cylinder or higher

steam pressure, not only to drive the water, but to put this heavy

piston in motion ; then to cut off the steam at some early point,

using the inertia of the piston with the expanding steam to com-

plete the stroke. The striking difference between Mr. Porter's

application and that of the author is, that Mr. Porter used cast

iron and the author uses water for the heavy element. Just how
heavy the piston, if of iron, needs to be to meet certain assumed

conditions is, of course, a mathematical problem, and one which

figures can be depended upon to solve ; but with the piston made
of water another element comes in, which is, the water piston is

one which can be very easily pulled in pieces, comparable to a cast-

iron one made of disks hekl together by atmospheric pressure.

As an example, assume we have a pump piston made up of disks

of cast iron perfectly fitted together, with the piston-rod attached

to the centre disk. It is easily understood that if we attempt to

accelerate the piston too fast the rear disks would not keep up,

and also at the last half of the stroke the forward disks mio-ht

have received such an impetus that the piston would not keep up.

7
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From this reasoning, it would appear there is a limit to the speed

at which a water ]:)iston can be used. It would also appear that

the water piston had better be largel}' if not wholly on the dis-

charge side.

The employment of this system implies an action similar to

that of a fly-wheel pump, that is, acceleration and retardation ; and

that, too, from rest to high velocity and then to rest, or nearly so,

of all the volume of water between the air chambers, while the

modern idea favors a continuous flow. The difference is that

between a simple pump with pulsating action, or (so far as present

invention has gone) less economv or more complicated machinery

Avitli continuous flow. The plan suggested by the author to one

who is not a pump builder would seem worthy of an extended

trial. And more than a single trial may be necessary to deter-

mine the best practical proportions. I believe there are too many
unknown quantities for mathematics to wrestle with successfully

at the outset.

Prof. D. S. Jacobus.—I have looked over the formulae, and

what impresses me most is that, leaving aside the technical diffi-

cult}' of ap})lying them as formulas, we would have great trouble

with the frictional resistances. It is plain that the frictional

resistances are represented by a certain factor called B. Now
the wa}^ his formulae is made, it shows that this E includes all of

the friction of the movable parts, together with the friction of the

water in passing through the valves. If we mean to run the

pum]) by high-pressure steam, of course we increase the speed.

There is no factor to show how much that would be increased.

The formulas are useful, to my mind, in showing the possibilities

and the limitations of such an endeavor, which they do in a veiy

thorough way.

Mr. David Guelhaiim.'^'—I am much impressed by the broad

view Professor Sweet takes of the main (juestion at issue, viz., the

emi)loyment of a part of the moving water colunm as a compen-

sating medium in working the steam expansively, and I find it

ahiKjst imi)ossible to ])ass any of the ])ro{'essor's remarks without

serious comment.

First, the analogy of the water column enclosed between the

air-vessels with a fly-wheel or a solid, heavy piston is true only

as far as its main cllect is concerned, /. e., retarding or accelerat-

* Author's closure, under the Rules.
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ing motion ; but tlieir practical working will be radically different.

IndoiHl, for employing a water column as compensator you need

only cut the discharge main in two parts, by removing the air-

vessel from near the pumj) and putting it further away on the

main. As the water pipes should always be and usually are

full of water, the mean velocity of the water column serving as

rty-wheel must remain the same as before, therefore the loss by

friction also will remain nearly the same, whether we employ

the water for compensating purposes or not. Quite different is

the case with a fly-wheel, a heavy, solid piston, or any other

compensator ; here you will have to face the expense of increased

friction and wear, and, besides, pay for the extra weight and

mechanism. Further, if the boilers are priming, or the steam-

pipes carry much condensation water, many break-downs do

occur, even in the most perfect fly-wheel steam-engines; and the

same must happen with a heav}?^, solid piston serving as fl\^-

wheel. But nothing of this kind could happen in a direct-acting

steam pump with a water column serving as compensator ; at a

sudden stop of the pistons the water Avould continue for a while

to move through the valves, setting quietly back upon the valves,

supposing the latter are arranged as they ought to be.

Professor Sweet remarks further that the modern idea is for

a continuous flow of water. If this means the superiority of

rotary and centrifugal pumping, I beg to oppose this modern
idea of superioritv. It is a recognized principle that mechanical

work applied directly to overcome resistances is the most econom-

ical work. In forcing water through a main by means of a direct-

acting steam-pump, placed between two air-vessels, we apply the

power in the most natural way, and can have the flow of water

continuous to any desired degree. I consider the air-vessel the

most simple and rational means for getting a desired continuous

flow of water ; but the fact is, that the principle and function of

the air-vessel are hardly understood thoroughly, and its arrange-

ment is frequently defective even in the best pumping plants.

Concerning the professor's opening remark, that the funda-

mental notions of the exjiosed theory could be mechanicalh^ un-

derstood without mathematical demonstrations, I could ag^ree with

this view as far as the mere conception of the idea of employing

the moving water as compensator is concerned. But it is when
you start to realize in jtractice the abstract idea, that the

services of mathematics become indispensable as a true guide.
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Imagine only the amount of work that would be necessary to go
through, in experimenting and manipulating with a pumping

plant having at least 500 feet of water mains, for ascertaining

the existing connection in different combinations between the

mean working velocity, water head, length of stroke, length and

diameter of water mains, and the mode of steam distribution, as

this is given in the final equation III. ; or to find out the condi-

tions under which the water, while serving as fly-wheel, would

not 2mll to pieces, as given in equation II. I think the work

to be performed with the above end in view may be found not

only hard, but also endless ; and yet these things would be useful

to know for a builder of such pumping plants.
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DLXII.*

A MODERX DISINFECTING PLANT.

BY W. H. FRANCIS, PHILADELPHIA, PA.

(.Member of the Society.)

It has been truly said that the mechanic handles " the lever

which moves the world," for every advance in science, art, or

civilization calls for his aid.

The surgeon may be skilled, but the mechanic makes that

skill efficacious by producing necessary instruments. So, also,

following the great discovery by Dr. Robert Koch of the germ
theory of disease propagation, the mechanic was called upon to

design apparatus to destroy the germs and prevent the spread

of contagious disease. The late threatened cholera invasion has

directed especial attention to this subject, and numerous disin-

fecting plants have been erected, more especially by the Gov-

ernment through the efficient Marine Hospital Service, of which

Dr. Walter Wyman is the able Surgeon-General.

A brief descrij^tion of the machinery of a modern station may
be of interest to the Society.

There are three ready means of destroying bacilli—by heat,

by FUMES, by chemicals. The plant has therefore been provided

with apparatus to apply these three means.

BY HEAT.

In 1883 Dr. Koch, in connection with Doctors Guffky and
Lijffler, discovered that wet steam of 212'' Fahr. would destroy

bacilli by extended exposure thereto, and this has since been
verified in fuller detail by other scientific research. In applica-

tion of the above, two rectangular steam-jacketed chambers \Q>

feet long liave been provided, with steam-tight doors opening at

each end. The chambers are constructed of an inner and outer

steel shell 1\ inches apart, cast-iron end frames, intermediate

truss bands, and of screw stay-bolt construction.

Presented at the New York Meeting (December 1893) of the American Society
of Mechanical Engineers, and forming part of Volume XV. of the Transactions.
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The doors have concave steel plates riveted to cast angle

frames fitted with heavy rubber gaskets ; they are handled by

convenient cranes and drawn tight by drop-forged steel eye-

bolts, swinging in and out of slots in the door frames. A number
of chambers, notably at Charleston, Mobile, and San Francisco,

are plain, cylindrical, and unjacketed, but this style is open to

objection. The rectangular form was adopted in preference to

round, as it gave the most effective space during exposure, with

little loss of steam, and enabled cars on tracks to be readily

handled in and out. The jacket was used to give perfect circu-

lation and distribution of heat, to prevent too rapid condensa-

tion, and to dry the goods exposed. The jackets, which are filled

with steam during the entire operation of the plant, make the

chambers drying ovens, so that the articles to be disinfected

are brought to temperature before the admission of steam to the

inner chamber, and thoroughly dried after the steam has been

exhausted.

In the experiments by Dr. Koch in connection with Dr.

Wolffliugel, it was found that hot air alone, even at tempera-

tures of from 230' to 248"" Fahr., after an exposure of three

hours, would not destroy the bacilli. It was necessary, there-

fore, to eliminate the possibility of air pocketing in the cham-

bers, or even permitting a mixture of steam and air to remain

during exposure. To prevent this, a vacuum pump was attached

to the system of piping, whereby a vacuum of 15 to 20 inches

was produced in the chamber before the admission of steam.

In all previous chambers, so far as the writer is informed,

this important point was neglected and accounts for the reported

unreliability of a number of plants.

For convenience of handling the goods, four cars have been

provided, of light wrought-iron construction, with removable

trays covered with galvanized screens, having a series of bronze

wardrobe hooks in the top
;
permitting the articles to be laid out

upon the trays, or, in the case of finer clothing, to be hung ujDon

the hooks. The doors at both ends allow the cars to be brought

in at one end and removed at the other, thus securing complete

isolation of the infected and disinfected articles. After ex-

posure, these cars, upon being unloaded, are returned to the

working end of the chambers by means of transfer tables and

side tracks, enabling a continuous alternating working of the

plant.
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As to the exact temperature required, the " doctors disagree."

The consensus is from 100 C. (212 Fahr.) to 115° C. (239" Fahr.).

This phiut has therefore been arranged for any pressures up to,

say, 15 lbs. {250' Fahr.\ if required, the steam being generated

in the boiler at high pressure, and the reducing valve set to the

pressure required.

The system of piping is so arranged that steam may be

admitted to the bottom or top of the chambers at will, through

several openings, and have perfect circulation. Galvanized

hoods are placed in the chambers, so that steam is not forced

directly on the clothing. Each chamber is provided with ther-

mometers to register the temperature, vacuum and steam

gauges, safety valves, traps, etc., and is covered with magnesia

non-conducting covering.

BY FUMES.

Fumigation is most generally by sulphur dioxide gas, whose
action is exerted as sulphurous acid. These fumes are pro-

duced by burning sulphur in the air, say 3 lbs. to every 1,000

cubic feet of air space. A crude way is to place sulphur in iron

pots, pour alcohol over it, set fire thereto, and close all openings.

This gives no control of operation nor assurance of thorough

fumigation.

In this plant, a double furnace has been provided with small

fire boxes at each end, over which are two cast-iron shallov/

basins, about 5 feet long each, the whole enclosed in a sheet-iron

frame. The sulphur is placed upon the basins and the fire lighted,

(|uickly melting the sulphur, which soon ignites. To prevent

too rapid combustion, baffle plates are arranged, and the proper

quantity of air admitted through adjustable valves in the furnace

fronts. The fumes thus generated pass to a reservoir, from

which they are sucked by an exhaust fan, and are thence forced

through piping and large flexible asbestos hose to the apart-

ment to be fumigated.

BY CHEMICALS IN SOLUTION.

The chemical agents commonly used are solutions of bi-

chloride of mercury (^corrosive sublimate), carbolic acid, and
chloride of lime.
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The first named is most generally used, in strength, say, 1 to

1,000, and the mechanism required is very simple. A large

wooden tank is provided with a steam pump piped thereto.

The chemicals are placed in a heavy keg perforated with numer-
ous small holes, arranged at the top of the tank, and the water in

sufficient quantity pumped into it slowly, making the solution of

required strength. This solution is then pumped through one-

inch hose under pressure, insuring penetration into cracks and
corners of the apartment being disinfected.

The jDlan and views from the station will illustrate the above
brief description (Figs. 17 to 21).

DISCUSSION.

J/r. 0. C. Woolson.—I am not able to gather from the author

which one of these three processes he contends is the best one, but

he starts off with his scheme of steam disinfecting apparatus, and

possibly it may be proper to assume that he thinks that this is the

best. But from his description I should, from ray slight knowledge

of the business, be inclined to doubt its thorough efficacy unless

some system of repeating is in vogue. Simply treating the germs
with one dose of steam, of any temperature, and considering that

as sufficient, I am inclined to doubt very seriously. I am strongly

of opinion that two applications would be scarcely enough. I

have been told by good authority that it requires at least three

applications. The first application will kill a large percentage of

the germs, and at the same time it will propagate another percent-

age, which w^ould not become apparent until that application had
been gone through with and the steam had been drawn off and

everything cooled down, and then they become active ; and after

another application those that have become active may be

destroyed, and yet in that application it Avill propagate a certain

other percentage which can only be destroyed b}^ still another

application ; and I am of opinion now that it takes at least

three to destroy the germs entireh\ If the idea is that one

application of this steam process is sufficient, I think it is an

error.

Jff. W. B. Le Van.—I would state that in relation to germ kill-

ing we were troubled with moths in some furniture, and we sent it

to an establishment in Philadelphia which put it into a room where
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it remained for forty-eiglit liours under steam pressure of twenty

pounds to the square inch, 260°. After the furniture was re-

turned Ave found nearly as many moths as before the appHcation.

It was sent back and had a second forty-eight hours' application,

and then we found a considerable number of moths flying from

the same furniture after ninety-six hours test. So that shows that

the gentleman is right in saying that one simple application does

not kill germs of that character.

Mr. Wm. II. Francis. *—Mr. Woolson seems to have over-

looked that the object of this ]xiper is not to present theoretical

ideas of disinfection, but to describe the actual, practical applica-

tion of scientific data up to date, in a plant now in successful

operation.

His first query as to the best means of disinfection, of the three

noted, is one of adaptability entirely. For instance, in the case of

a vessel, the hold and its cargo might readily be disinfected with

sulphur fumes, where steam could not be applied ; and bedding

and clothing readily steamed without damage, when fumes or

chemicals would destroy not only the germs but the articles also.

Each means is equally efficacious when applied with judgment as

to its adaptability.

From all authorities consulted and from the reported results of

steam disinfection, more especially in the case of the " comma
bacillus " of cholera, I must disagree with Mr. Woolson's sup-

posed necessity for several applications. The viability of the germ

is v^ery slight. At ordinary temperatures, not below 57'^' Fahr., it

grows, and while lower temperatures retard growth, they are onh^

destroyed by the higher temperatures above even 132*^ Fahr.,

depending upon the surroundings.

An exposure to sunlight for live hours has been shown to be

sufficient entirely to destroy the vitality, under certain conditions.

All data point to the fact that higlier temperatures do not propa-

gate, but tlestroy, the germs.

I note the results of some experiments on the viability of

the cholera germ, at the ordinary temperature of the room,

say 70° Fahr. The vitality of bacilli entirely disai)peared, as

follows

:

* Author's closure, uncKrtlio Rules.
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Sour cherries, 3 hours
;

Sweet cherries, 3 to 7 days;

Fresh fruit, 5 hours
;

Dried fruit. 1 to 2 days ;

Oranges and banauRS, 24 hours
;

Beer. 3 hours
;

White and red wine, 5 to 15 minutes
;

Cider, 20 minutes
;

Cold coffee, 2 hours
;

Unsteiilized milk, 24 hours ;

Sterilized milk, 9 to 13 days ;

Fresh fish. 2 days;

Salted and smoked fish, 24 hours

Bread, exposed, 24 hours
;

Bread, wrapped in paper, 3 days.

The example quoted by Mr. Le Yaii is not analogous, as heat is

the vivifying influence of moths' eggs, as it is with ordinary hens'

eggs.

In conclusion, it must be admitted that an element of uncertainty

exists in all human agencies, perfect disinfection being total

destruction of the articles bv fire, but uncertaint}^ is reduced to a

minimum by the care and skill of an experienced operator.
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USE OF THE INDICATOR FOR CONTINUOUS RECORDS
IN DYNAMOMETRIC TESTING.

BY WM. S. ALDRICH, MORGANTOWN, W. VA.

(Member of the Society.)

For a variety of purposes the steam-engine indicator is proba-

bly one of the most serviceable spring-pressure-recording instru-

ments at tlie command of the engineer. It has reached a high

degree of mechanical perfection for its particular use in steam-

engine testing. Notwithstanding its well-known defects when
applied to this purpose, it seems only possible to perfect further

its mechanical construction, so long as its typical piston mechan-

ism is adhered to. Still, this is not an inherent objection to the

use of the indicator in some other lines of recording work, and

tlie purpose of this paper is to show how it has been so applied

in power testing with a dynamometer. It is sometimes better

to make use of an instrument which has been brought to a high

degree of perfection in one field of work than to undertake the

development of new and untried forms of apparatus for limited

and usually special tests. Taking the indicator, therefore, as

we find it, and not delaying work in which it may be used to

advantage till it (or a similar instrument) becomes what it oiiglit

to be, the steam-engine indicator will be found extremely ser-

viceable in obtaining short continuous records in power tests.

Almost all tests of this character may be reduced to the

measurement of a more or less variable pressure, depending on

the amount of energy being absorbed by the dynamometer.

This pressure is usually measured as a pressure on a platform

scale, or by the maintenance of a weighted lever in a position

of equilibrium, or l)y the simple pull on a spring balance. But
this pressure may be transferred or transmitted to any other

instrument designed for recording variable pressures, as the

indicator, for instance. In some cases, simple mechanical

* ProHented at tlio New York Meeting (December, ISOo) of the Ainoriciin Society

of Mechanical Engineers, and fornaing part of Volume XV. of the Transactions.
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connection may be used, while in others, hydraulic connection

will be found desirable.

Mechanically transmitting the pressure from the arm of the

dynamometer, by a linked connection, to the indicator piston,

enables us to turn the indicator into a recording spring balance.

In this method its piston mechanism is not in the least objection-

able, serving merely as a guiding meclianism.

In the transfer of the pressure from the dynamometer arm to

a diaphragm, which in turn presses upon water, oil, or mercury,

in a closed vessel, and thence, by pipe or tubing, to the cylinder

of the indicator, we make use of it as a recording pressure gauge.

Small variations in pressure, slowly increasing or decreasing,

yet of comparatively short duration, are not faithfully recorded

on account of the retarding effect of friction of the indicator

piston ; but the leakage past the piston will be the least. Rapid
and extreme variations in pressure, as well as extreme pressures,

maintained for any length of time, are sure to result in more
extended leakage, even when mercury is used under the indi-

cator piston, as arranged for the form of the " U " manometer.

When the greatest sensitiveness of the indicator is most desired

( witli small pressure variations) it is least obtained. It would
therefore be much better to use some form of diaphragm, or

closed-tube pressure-recording gauge. It should be capable of

enduring much more rapid and extreme fluctuations than any
on the market at present.

The requirement of an absolutely closed system, under all

conditions of use of the hydraulic connection, corresponds to

the necessity for inextensible (or rigid) parts or members of a

linked connection. In either case, there must be an invariable

relation, or fixed proportionate transmission of motion, from the

dynamometer lever arm to the indicator piston. The extent of

movement of this piston must correspond exactly to the pressure

which produced that movement, while the piston is reacted upon
by the indicator spring.

The time interval must be short, during which the power ab-

sorbed by the dynamometer is to be measured and recorded by
the indicator, as at present constructed. For tests of from one
to two hours' duration (the usual laboratory limit) a larger

drum might be substituted ; that is, a drum with as large a di-

ameter as possible, consistent with the present distance between
the axis of the drum and the indicator cylinder. It is under-

8
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stood that the drum is only turned once during the time

interval, as at present in engine testing.

Turning the drum by leading the cord (better, stranded German-
silver wire) to the leading screw of a shop lathe will be found

quite satisfactory for almost all cases of shop and laboratory test-

ing. It is true that the shop engine is required to do a variety

of work, and whether it turn the grindstone or the drum of an

indicator, its more modern type is reliable. With steady steam

pressure, and shop work to perform which is only slightly vari-

able, it will be found more readily and scarcely less satisfactorily

harnessed to the indicator drum than a fine astronomical chrono-

graphic movement. Each, of course, has its field of usefulness.

"Work should not be neglected because the time intervals in-

volved cannot be measured absolutely to within the one-hun-

dredth of a second. Moreover, it will be found that the possible

changes on an ordinary screw-cutting lathe are as extensive as

may be desired for almost any kind of time movement. They are

so much more varied, in fact, that I have found no maker of chro-

nographs as yet anxious to furnish an instrument with one-tenth

of the possible ranges of speed of which the shop lathe is hourly

capable. The cylinders of the finest chronographs are back-

geared to turn once in ten seconds and one minute ; or, once in

thirty seconds and one minute.

In passing, it may be well to note the necessity for a light-

powered uniform mechanical movement, for general shop and

laboratory testing, for other timing besides that as above noted

in connection with the indicator. It appears that the change-

gear system of an ordinary screw-cutting lathe has been so well

developed and is so admirably adapted to a wide range of speed

changes that all that is further required is to gear on such a

system, or its like, to a small motor ; and this motor should be

preferably driven by a weight, and its speed controlled, as in

chronographic movements, mechanically, by a delicate friction

governor, or by a gravity or electric-contact arm.

It should be borne in mind that besides the above quantita-

tive records,- others, purely qualitative in character, may be

desirable. For this purpose it is amply sufficient to draw the

cord attached to the indicator drum along by hand. In this

way most interesting, and it may be valuable, information can

be recorded respecting the performance of a dynamometer ; or

some cliaracteristic of its load variations examiniul into, without
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requiring to find the mean pressure exerted by the dynamometer

arm, or the mean load. Such characteristic variations may be

due to changed conditions of the rubbing surfaces, in friction

dynamometers, or to speed changes, or both. The records from

the use of hydraulic connection are more of a qualitative value,

as showing the fluctuations of power absorbed, and the time of

occurrence of such, owing to the errors in the recorded press-

ure arising from leakage past the indicator piston.

-S^r-^i-

s

Fig. 22.

Arrangement of parts transmitting the pull of strap, S, to the rod, M, which
presses against the indicator piston.

The timed records are integrated, by the planimeter, in the

usual way, for the value of the mean ordinate, in this case, the

mean pressure recorded. This corresponds to a certain mean,

pressure given off by the dynamometer arm, as found by plot-

ting a curve of calibration of pressures, connecting those of the

dynamometer arm with those of the indicator spring. In this

way the mean or average pounds of effective pull on the dyna-

mometer strap or other friction-absorbing device becomes
known, from which the power absorbed is computed as usual.
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I. MECHANICAL TRANSMISSION OF THE DYNAMOMETRIC PRESSURE.

In testing a No. 1, 6-incli, Pelton water-wheel, absorbing only

a fraction of a liorse-power, at high speed, the arrangement

shown diagrammatically in Fig. 22 was adopted. The light leath-

er strap, S, passed over the motor pulley, P, and was attached

at the lower end, J, to the lever arm, L, while the other end

supported a counterweight, W, of 1 lb. The lever moved upon
a knife edge, at C, and pressed the rod, I?, firmly against the

i—

p

Fig. 23.

Arrangement of rod, B, simply press-

ing against the indicator piston, P.

Linked connection of rod, li, to

the indicator piston, P.

piston of the indicator. Fig. 23 shows the arrangement of the

upper end of this rod, B, pressing directly against the piston

screw, G, and inclosed by a rubber washer, W. Fig. 24 shows a

linked connection, designed and specially made for this purpose,

by the Crosby Steam Gauge & Valve Co. The piece, y, is

screwed into the piston, after the regular screw, O, is removed.
In making the tests, the indicator cord was attached to the

tool-post of a lathe, and driven by the leading screw, the

change gears being arranged for any definite time movement, as

may be desired : thus, for a thr(;e-minute interval, as shown in

Figs. 25 to 30, inclusive. After pulling the cord taut, the time
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interval was noted either by marking the card and noting the

time, or by touching the lever (or other part of the system, as

outlined in Fig. 22 S and thus causing the indicator pencil to

make its own time record. In this way several time cards were

taken and compared. The speed of the leading screw was also

Rj jv

30"

Scale of Time Intervals

Fig. 25.

Card showing starting and stopping variations.

noted, from which, and its known pitch, the time interval for any

combination was readily obtained, and the time base of the cards

drawn, as shown. The pressure scale was determined by using

a standardized spring balance, reading to one-fiftieth of a pound,

and plotting the pencil movement corresponding to equal incre-

FiG. 26.

Card showing running variations, under average and extreme conditions.

ments of weight, as 1 lb., by attaching the hook of the spring

balance to the hook at the end. A, of the lever L, the weight, JV,

remaining on, as during the subsequent tests. By this means,

the net or effective dynamometric pressure (a pull) was recorded

at once, and the scale of pressures drawn according to this cali-

bration. On the cards, the line AB is the indicator zero,
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found by relieving the rod, B., of any pressure upon it, and

taken either while the motor is at rest, or running ; the line CD
is the dynamometer zero, taken while the motor is at rest, or

drawn according to the previous calibration for this line, as

compared with the indicator zero.

rig. 25 was taken with oiled graphite on the strap, and shows

Fig. 27.

Three-minute power card. Mean speed, 1,366 revolutions per minute. Mean
effective dyuamometric pressure, 1.87 lbs. Dynamometric horse-power, 0.058.

characteristic variations, due to starting with a cold dynamom-
eter pulley, and of stopping after it had been much heated by
friction in running. The gradual fall of the line, from ^to F,

is caused by the decreased friction due to the heating of the

pulley. The ordinate, FR, is the total pull on the strap; TY
the pull due to the counterweight, W, and the other parts of

system of leverage acting with it, amounting to 0.75 lb., on

cards of Figs. 25 to 30, inclusive ; and ST is the net or eifective

dynamometric pressure at the point considered.

Fig. 2B shows running variations, as follows : after starting,

Fig. 28.

Three-minute card, showing starting and running variations of the dynamo-

jnetric pressure, with dry powdered graphite on tlie strap.

the effective pull or pressure, due to the friction of the strap

on the pulley, foil from F to G, as above noted ; then a hydrant

in the system of 2)iping, branching off from the main water sup-
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plv pipe leading to tlie motor, was slowly opeued and closed,

then left open to H ; after closing the hydrant, the friction press-

ure fell, as usual, from // to K, while the pulley became more

heated ; the hydrant was opened at K, and closed and opened

in quick succession, to L ; L to 31 shows the usual effect of the

nnni

Fig. 29.

Three-minute card, showing starling and running variations under strap con-

ditions similar to those of Fig. 28.

heating of the pulley ; from 31 to JV, the throttle valve (a hand-

wheel gate-valve) was closed in part, opened, closed almost en-

tirely, at JV, opened again at 0, then rapidly closed to F, and

opened to Q, remaining open to the end of the card.

Fig. 27 is a power card. The area, above the line CD, as

found by a planimeter, is 3.29 square inches, its length is 5.4

J vmr

Fig. 30.

Three-minute card, showing starting and running variations, with oiled graphite

on the strap.

inches, giving the mean ordinate of 0.609 inch ; from the press-

ure scale, 0.325 inch corresponds to 1 lb. ; therefore, the mean
effective dynamometric pressure is 1.87 lbs. The total speed,,

as counted by a Tabor revolution counter, for the three
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minutes of the run, was 4,100 revolutions, giving 1,366 revo-

lutions per minute. The pulley has a mean diameter of 2|

Fig. 31.

Four and one-half minute power card. Speed, 1,511 revolutions per minute.

Mean effective dynamometric pressure, 2.04 lbs. Dynamometric horse-power,

0.0703. Taken with 10-lb. indicator spring, and leverage of 5 to 7^ inches.

inches, from all of which the horse-power is computed, as

follows :

-p. Tip _Mean Effec. Dyn. Pres. x Circum. (feet) x MeanBp
^^'

'
'~ 33,000

~ 3m

1.87 X 0.7525 x 1,366

33,000
= 0.0582.

The mean dynamometric pressure is shown on this and sub-

sequent power cards by a dotted line.

Figs. 28, 29, and 30 show characteristic starting and running

variations, the former two cards, with dry graphite only on the

strap, from cold condition of the pulley ; and the last card with

oiled graphite (powdered or flaked), also with cold pulley, at

Fig. 32.

Four and one-half minute power card. Speed, 1,538 revolutions per minute.

Mean effective dynamometric pressure, 2.4 lbs. Dynamometric hotse-power,

0.0839. Taken with 20-lb. indicator t^pring, and leverage of 2^^ to 5 inches.

the start. The small variations in tlie curves are duo to a

hydrant being opened and closed, and the larger variations to

the throttling of the water pressure, at the gate throttle valve.
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Fig. 31, as well as all of the preceding cards, were taken with

a 10-lb. indicator spring, acting at the leverage, and by the

arrangement, as shown in Fig. 22, of 5 to 7.\ inches. But Fig.

32 shows a card, taken with a 20-lb. indicator spring, and lever-

age of 2i to 5 inches ; that is, the indicator rod, R, was midway
between the fulcrum, C, and the other end, A ; and the Crosby

link connection. Fig. 2-1, was used. The time interval of cards.

Figs. 31 and 32, was four and one-half minutes, and the total

speeds, respectively, 6,800 and 6,900 revolutions, from which.

Fig. 33.

Simultaneous dynamometric and water-pressure cards of 6-inch Pelton Waier
Wheel. Mean speed, 1,210 revolutions per minute. Mean effective dynamo-
metric pressure, 1.656 lbs. Dynamometric horse-power, 0.0457.

and the other data, obtained as previously explained, the dyna-

mometric horse-power was computed.

Fig. 33 shows simultaneous dynamometric and water-pressure

cards, taken for about twelve and one-half minutes, but only ten

minutes of this period were used to find the mean speeds, press-

ures, and horse-power, beginning at the 2-minute ordinate, as

shown, after the motor had settled down to almost steady run-

ning. The dynamometric card was taken with a 10-lb. spring in

the indicator, using the Crosby link connection of Fig. 3, with

the leverage of 5 inches to 7} inches, as shown in Fig. 22. The
strap was thoroughly covered with oiled powdered graphite.

The water-pressure card, showing the starting and running
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variations in the head of water, was taken with an 80-lb. indi-

cator spring, the indicator being located between the gate

throttle-valve of the motor and the main stop-valve of the line

supplying the water, and its drum being drawn simultaneously

with that of the other indicator. From G to //, the variations

are due to opening and closing a hydrant in the system branch-

ing off the main supply pipe ; from H to K, the main stop-valve

of the pipe line was partly closed, and wholly closed for an in-

FiG. 34.

stant ; from K to L, the motor's gate throttle-valve was partly

closed, and wholly closed for an instant ; from M to N, the

motor was running with its own throttle-valve partly closed,

being fully opened again at N. From the 2-minute to the 12-

minute ordinate, the integrated area is 2.22 square inches, the

length of this time base is 4.125 inches, giving the mean ordinate

as 0.538 inch, or 1.650 lbs., on the vertical pressure scale of

0.325 inch to the pound dynamometric pressure. The total

speed for the ten minutes was 12,100 revolutions, or a mean
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speed of 1,210 revolutions per minute, giving the dynamometric
horse-power of 0.0457.

II. HYDRAULIC TRANSMISSION OF THE DYNAMOMETRIC PRESSURE.

Fig. 34 shows the arrangement adopted in this case. The
variable pressure to be measured and recorded was applied at

the end of the lever arm, shown below the diaphragm casing.

The pressure was thus transmitted to the diaphragm, through

the vertical stem pressing against the enlarged plate beneath

Fig. 35.

Three cards, on the same time base, showing variations of dynamometric press-

ure recorded by the indicator, arranged as in Fig. 34.

the diaphragm—a rubber disk about j\; inch thick. The casing

and system of piping above the diaphragm was filled with water,

after the " U " tube had been filled with mercury up to the in-

dicator piston. The cock directly over the diaphragm was for

the escape of air while the system Avas being filled through the

stand of pipe to the right. Before filling the " IT " tube with

mercury it was first filled with a high grade of oil, then the

mercury poured down the pipe to the left of the indicator till it

reached almost to the level of the horizontal branch leading to

the diaphragm. In this way the " U " tube system, as well as
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all parts of tlie indicator connection, became lined with the oil,

which flowed out of the escape-holes of the indicator as the

mercury slowly rose up to the same level. To put the indicatoi

piston in position it was pressed down upon the mercury, which

was allowed to escajje through the small drain-hole in the indi-

cator cock. In this manner an approximately closed system

was obtained, as free as possible from air.

Fig. 35 shows three cards, arranged on the same time base, as

taken by this method. The scale of pressures is the same in

each case, and is taken from a calibration of the indicator, in

this position, for 4-lb. increments applied at the end of the lever

arm, shown below the diaphragm of Fig. 34. In running the

pressure up above 28 lbs., for this calibration, the mercury

oozed out of the indicator escape-holes as the lever arm was

further pressed down to hold the pressure of calibration.

With an absolutely closed system, this method adapts itself

to traction dynamometric work," the pull (or push) being entirely

by and through the lever arm above referred to, and thence

transmitted to a diaphragm pressure-recording gauge placed

inside the car. Of course, the chart of this pressure-recording

gauge may be moved by belting to the car axle, or otherwise

timing its movement with that of the car, as with the Boyer

speed recorder. But it cannot be integrated for mean values, in

this instance, unless the car speed remains absolutely uniform,

which is never the case. Therefore it is best to drive the re-

cording chart by means of clock mechanism, attached to the

same, and placed with it inside the car. To prevent derange-

ments due to starting suddenly and to unforeseen extreme varia-

tions, a safety-valve air-chamber may be introduced in the

system of piping leading from the diaphragm to the indicator.

This method of relief would become immediately operative, so

soon as the pressure within the system exceeded the limit of the

safety-valve.

As a machine-tool dynamometer, also, the method outlined

last will be found useful in measuring and recording the press-

ure upon the work undergoing cutting operations, as in drill

press work, the working pressure of which would be recorded

by placing the work in direct connection with the lever arm of

the dynamometer. If the pressure-gauge chart be moved by

* As has been thoroughly tested and practically developed by the Richard

Fr^res, Paris, in their diaphragm (or springless) traction dynamometer.
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connection to the automatic feed mecliauism of the drill press,

its timing will be regular enough to allow of integrating the

record for the mean effort exerted during the drilling operation.

For the Alden. Pronv, Webber, Lewis, and other forms of

scale-arm absorption or transmission dynamometers, the method
of Fig. 3-1 will be found equally adapted, by using a closed sys-

tem with a diaphragm pressure-recording gauge.

DISCUSSION.

Prof. R. ( '. Carpenter.—I think it has been quite customary to

use the indicator because of its convenience for many of the

things which are mentioned in the paper, and I think we are

indebted to Professor Aldrich for many ingenious suggestions

which are here made. There is just one thing in regard to the

use of the indicator on a " closed circuit " in which my experi-

ence has not been the same as reported here ; in fact, it has

been quite different from that. We have tried for the last three

years, in a number of investigations, to use the indicator on a
" closed circuit " connected with a dynamometer, in a manner
similar to that described in the latter part of this paper, and in

every single case we found that the errors were exceedingly

large. In short, we found that either the indicator would leak

or the piston would stick. Now, in a closed circuit, we have a

very limited amount of fluid, and the very least leakage will

materially affect the pressures. If, on the other hand, we have

the piston so tight that it will not leak, we have so much fric-

tion that the results are very far from the truth. We have, in

Sibley College, three dynamometers which were built to be

worked on this plan, and we found the errors so very large that

we have had to discard them, simply for the causes men-
tioned.

There is one other thing which he speaks of in the latter por-

tion of the paper which, I think, would be very bad practice,

and that is the use of mercury in contact with the indicator

piston. I believe I have incidentally referred to the solvent

action of mercury on brass in my paper on calibration of indi-

cator springs. I think its use would certainly be exceedingly

detrimental to the indicator, as in ordinary construction indi-

cators are made of brass. It is true, steel indicators might be

used, but these are not to be ordinarily had.
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Prof. W. S. Aldrichr—The errors arising from using the indi-

cator on a closed system have been pointed out in the body of

the paper. The only curves so obtained were those of Fig. 35.

These have not been integrated or otherwise used to obtain

quantitative results. Such cards are, at best, as shown in Fig.

85, only of a comparative value, and that within a very small

range of pressures.

The alternative method for use with a closed system has been

suggested ; namely, to use some form of diaphragm or closed

tube pressure-recording gauge, instead of the indicator shown
in Fig. 34. But, as the present paper dealt with dynamometric

uses of only the indicator, the alternative (and better) method

on a closed system, also employed by the author, has not been

detailed. It would appear that the Sibley College dynamom-
eters, which Professor Carpenter has spoken of as failing with

the indicator on a closed system, might give excellent results

by the use of diaphragm or closed tube pressure-recording

gauges. As these are made for rectangular as well as circular

diaphragms, the question of integrating the curves for the mean
dynamometric pressures should not be a serious one.

Mercury inside the indicator is well recognized as bad prac-

tice, and the experiment is not here recorded as a precedent,

but only as a bit of experience. As explained, before using the

mercury the system comprising the " U " tube and indicator

was filled with oil, after which the mercury was poured in. It

was allowed to remain only a short while, and, as far as exam-

ined, worked no permanent injury to the indicator. Being the

heaviest obtainable liquid, it Avas capable of holding the great-

est pressure against the indicator piston before oozing past the

same. Leakage sufficient to impair the records for quantitative

measurements occurred, as reported, at about 28 lbs., in cali-

brating for the scale of pressures of Fig 05.

* Author's closure, under the Rules.
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DLXIV.*

THE CUMULATIVE ERRORS OF A GRADUATED
SCALE.

BY W. A. ROGERS, WATERVILLE, ME.

(Member of the Society.)

"When the aliquot subdivisions of a graduated scale are com-

pared inter se, each comparison may be given the same weight

;

but when the corrections determined are referred to the initial

Une by summing the series of relative corrections, the separate

values of this summed series will evidently have different weights,

since the effect of accidental errors of observation will increase

vrith the number of summations. Thus, let a?i,a?2, iCs, . . . a?„ repre-

sent the deviations of each of the spaces from the mean of all the

spaces. These values of x vnW then represent the corrections re-

quired to reduce each space to the mean value of the n spaces

without regard to the absolute value of the entire unit subdivided;

in other words, they represent relative corrections. Referring

these corrections to the graduations, cCi will represent the correc-

tion required to reduce the second line to the position which it

would have occupied if the subdivision of the entire unit into

aliquot parts had been exact. The different values of x will there-

fore be entirely independent of each other and will each have the

same weight for the same number of comparisons. It is evident

that the separate values of x may be referred to the initial line of

the scale by the process of summation. Thus Xy represents the

conx'ction to be applied to line 2, line 1 being taken as the zero

of reference ; iCj represents the correction to be applied to line 3,

line 2 being taken as the zero of reference ; hence, to connect the

correction to line 3 with that for line 1 as the zero of reference,

we have only to take the sum of Xi and x^. In the same manner

we refer the corrections of the remaining graduations to the initial

* Presented at the New York Meeting (December, 1893) of the American Society

of Mechanical Engineers, and forming part of Volume XV. of the 2'ransactions.
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line as a zero of reference bj successive summations of the values

which represent the relative corrections.

The method employed in measuring the relative errors of sub-

divisions of the scale may be described as the " stop method.'

The microscope is attached to a plate which is carried over the

ways of the comparator by means of a rack and pinion movement.

At each end of the plate is inserted a hardened steel plug, having

a rounded end. Two movable sliding plates are placed upon the

ways on opposite sides of the microscope-carriage. These plates

are firmly clamped to the bed of the comparator, at such a distance

apart that the carriage, in passing from contact with one stop

to contact with the other stop, moves over a space approxi-

mately equal to one of the spaces to be compared. The micro-

scope-carriage having been brought into contact with the left stop

the micrometer line of the microscope is brought into coincidence

with the initial line of the space taken as the unit of measurement.

The carriage is then moved till contact is made with the right

stop, and a reading of the microscope is taken for coincidence

with the terminal line of the space. If the stops are set exactly

equal to the space measured, the micrometer has no work to do.

In practice, however, it is found advantageous to make the dis-

tance between the stops a little greater than the average scale

distance.

The scale is then moved along upon the bed of the comparator

parallel to itself, till a near coincidence with the first line of the

second space is obtained, when the operation of measurement is

repeated. In this way each successive space is compared with

the constant distance between the stops. The method of pro-

cedure will appear from the following example

:

Spaces.
Left Stop. Kight Stop.

Hi - L)

div.

Relative Summed
Div. of Microm. Div. of Microm. Corrections. Series.

div. div.

1 4.4 8.8 + 4.4 -0.4 -0.4
2 CO 9.9 + 3.9 ^0.9 -1.3

(1) 3 3.4 8.6 + 5.2 + 0.4 -0.9
4 4.1 9.8 + 5.7 + 0.9 + 0.0
5 2.(5 7.4 + 4.8 + 0.0 + 0.0

Mean +4.8

Here + 4.8 divisions represents the excess of the distance be-

tween the stops over the average distance between the lines of the
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graduated bar. Subtracting this mean from each vahie of {R—L),
we have the series of relative corrections required to reduce each

Hne to the position which it would occupy if all the spaces were

equal ; but each space has a new line of reference.

In the last column, the values in the preceding column are all

referred to the initial line of the scale. The summed series, there-

fore, indicated by the usual symbol 2, represents the cumulative

errors of the entii-e system of subdivisions compared. According

to the conventional nomenclature adopted, a negative sign indicates

that the measured space is too long.

Instead of the " stop method," one may employ with equal ad-

vantage the '• two microscope method," when the spaces compared

do not fall much below 6 or 8 centimeters. The " stop method "

has, however, the advantage of allowing comparisons between

spaces having any value whatever. With regard to the precision

of which the method is capable, it may be said that the probable

error of a single contact between the stops is decisively less than

the probable error of a single measured coincidence with the filar

micrometer.

The use of a screw in the measurement of cumulative errors

requires that the periodic errors of the screw shall be definitely

determined. Since errors of this class vary, not only with the

load carried by the screw, but also with temperature and with

the degree and kind of lubrication, this method is liable to lead

to erroneous results, unless the greatest care is taken to secure

the partial elimination of errors which it is possible to obtain in a

limited degree by the method of comparison employed.

Judging by my own experience, the method is likely to give an

appearance of precision which does not really exist.

In the application of the method here indicated, we are con-

fronted with two soui'ces of error, which baffle every effort at

determination with perfect exactitude. They are the following

:

(1) The values in the column of relative corrections, as shown
in the example given, have the same weight, but the values in the

summed series have different weights.

(2) The effect of an accidental eri'or of observation at any point

in the series of comparisons will be to give a wrong value to the

mean, and this error will appear in the summed series in the form

of a periodic error. Let us suppose that in the following fictitious

example an accidental error, x, is introduced in the measurement
of the fourth space. We shall then have :

9
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Spaces. (n - L) Relative Corrections. Summed Series.

1 + 4 div. +OdW.-^ + Odiv.-^

3 + 6 -' -ii ^ 10

3 + 3 -1 -—
'

1(1

3a-

+ 1 -To.

4 + 4. + X
9.t

+ « +10 + > +-10

5 + 2 -^ -TO -' +f
6 +1 - -^ - +^
7 + 3 - -w

3a;

8 + 7 +^ -^
2a;

9 + 2 - -1 -^ +10

10 + 8 + * -^ + +

Mean — +^+tr

It will be seen from this table that the form of the periodic

error introduced in the summed series depends on the point at

which the accidental error is introduced.

There is apparently another source of error, which has given

the writer much trouble and which does not seem to admit of an

easy explanation.

If the principal divisions are still further subdivided, the cor-

rections derived for these subdivisions must be introduced into

the principal summed series in such a manner that each correc-

tion shall be referred to the initial line. Let us suppose that in

Example (1) each of the five divisions is still further subdivided

into five parts, and that the following values of the subsidiary

summed series have been obtained

:

Spaces. 1 2 3 4 5

+ + + + +
1 + 3 -4 -3 + 2 + 1

2 + 2 + 2 -4 4-4 + 3

3 + 4 + 3 -5 + 4 + 3

4 + 3 + 4 -1 + 5 + 4

5 + + + + H
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If we assume that the coiTections to the principal subdivisions

have been correctly determined, the effect of these errors upon

the secondary subdivisions will be found by distributing the

errors proportionately over the spaces covered.

The corrections for each line of the subsidiary series will then

be found by adding the corresponding values in the two series.

Thus, indicating the corrections to the principal subdivisions by

brackets, we have

:

Principal
Series.

+0.0 div.
-0.1
-O.J
-0.3
-0.3
[-0.4]
-0.(5
-O.S
-0.9
-1.1
[-1.3]
-1.2
-1.1

Secondarj'
Series.

+ 0.0 div.

+3.0
+ 2.0
+ 4.0
+ 3.0
+ 0.0
-4.0
+ 2.0
+ 3.0
+ 4.0
+ 0.0
-3.0
-4.0

2
Sum. Line.

2
Principal
Series.

+0.0 div. 13 -1.0 div.

+2.9 14 -1.0
+ 1.8 15 [-0.9]
+ 3.7 16 -0.7
+ 2.7 17 -0.5
-0.4 18 -0.4
-4.6 19 -0.2
+ 1.2 20 [ + 0.0]

+ 2.1 21 + 0.0
+ 2.9 22 + 0.0
-1.3 23 + 0.0
-4.2 24 + 0.0
^5.1 25 +0.0

2
Secondary

Series.

-5.0 div.
-1.0
+ 0.0
+ 2.0
+ 4.0
+ 4.0
+ 5.0
+ 0.0
+ 1.0
+ 3.0
+ 3.0
+ 4.0
+ 0.0

2
Sum.

-6.0 div.
-2.0
-0.9
+ 1.3
+ 3.5
+ 3.6
+ 4.8
+ 0.0
+ 1.0
+ 3.0
+ 3.0
+ 4.0
+ 0.0

If the scale has a correction for total length, this correction is

to be distributed proportionately over the entire series.

The error to which attention is called appears in the transfer

of graduations from one bar to another, when one applies in the

process of ruling the corrections to the graduations of the primary

bar, determined in the manner indicated above. For example, in

the construction of a standard meter subdivided into 1,000 equal

parts, it is always found that when the corrections to the primary

subdivisions are large in value and irregular in sign, they appear

in the transferred graduations in the form of errors of a periodic

character reduced in magnitude. A similar result was found in

the original divi.sion of a large index wheel into 1,000 equal parts.

In both cases a third trial resulted in sets of graduations nearly

free from errors of serioiis magnitude. In the case of the meter,

a fourth trial gave the following results for the summed series.
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CORRECTIONS.

No. cases be-
tween O.O^i and

l.Ofi.

No. cases be-
tween I.Om and

2.0m.

No. cases be-
tween 2.0m and

8.0m.

No. cases be-
tween 3.0m and

4.0m.

5
58
652

2

37
205

2
5
37

Centimeters O
6

Reducing these values to ratios, and remembering that there

are only 9 values in a summed series of 10 spaces, we have :

No. cases be-
tween 0.0m and

I.Om-

No. cases be- No. cases be-

tween 1.0m and tween 2.0m and
2.0m. 3.0m.

No. cases be-
tween 3.0m and

4.0m.

Decimeters 0.44
0.64
0.72

0.33 0.23
0.31 0.05
0.23 0.04

0.00
Centimeters O.OO
Millimeters 01

A count of the number of relative errors in each group from

which the summed series was derived, gave 856 cases in which

the corrections fell between O.Oyu and l.Oyw.

It may be of interest to state that the time required for a com-

plete investigation of the meter was about 80 hours.

It may be said that the existence of periodic errors, as shown

in the transfer of graduations from one bar to another, may have

becD due to large accidental errors in the comparisons in the par-

ticular cases described, but the writer has obtained this result in

a very large number of cases. In fact, no exception to this state-

ment has so far been noted.

It may be mentioned in this connection that the principal dif-

ficulty in making an exact reproduction of a standard scale lies in

the unequal depth of the cut of the ruHng diamond at relatively

hard and soft places in the metal. The writer has yet to find a

metal whose difference of density at different points could not be

detected in this way.

Admitting, then, the existence of at least two of the three classes

of errors described, it is evident that their magnitude must be

determined before an estimate can be made of the real precision

of the comparisons.

Perhaps no more conclusive evidence coidd be obtained than

by comparing the results obtained for a given scale in the man-
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Ber here indicated, with tliose obtained for the same standard by

the method of measurement and investigation given by Dr. Broch

in Yohime Y. of the " Memoirs of the International Bureau of

Weights and Measures." The standard selected for comparison is

a decimeter upon speculum metal, which is made the basis of all

transfers to other bars of the same metal. It is designated Sm.
w

Inasmuch as the theoretical discussion given on pages 5 to 17 of

the " Memou's " is not readily available, the following resiimv is

given

:

Let Xj, x-i, a-g, . . . Xn + i
be the corrections required to be applied

to the successive centimeter graduations of the decimeter scale.

Let A„, A„_j, A„_2, etc., be the corrections to an assumed unit

with which each of the successive spaces is compared.

Let «i, a^, as, . . . o„; h^ h, b^, . . . i„_i ; Cj, Cj, e^, . . . c„_., etc.,

represent the numerical values of the corrections obtained by
comparing each of the successive spaces with the units selected.

We then have (see page 5) :

(1)

Xn + Xi — X.2 = tti

A„ + CC, — ^3 = tti

A yj
-j- 3Co OCa — (xq

(2j

'^n - 1 + 37, — CCg = hi

A„_i + x. — Xi = h.

A„ + iC,j Xn - I
— Cln A„ _ J + X^ _ 1 X,^ ^1 —• 6,t _ 1

(3)

A„_2 + a?! x^ = Ci

A„_2 + a^j x^ ^= C3

**-« ._ 9 I JO-i ~~~
t'^

f.
Co

A„_3 + x^ — Xi = di

A„_3 + X.2 — x^ = c/2

A„_g + X:i — X- = (li

A„_2 + X„_.2 ^n + l — f^n-t A„_3 + X„_3 — 3:'« + 1 = f^n _ J

(5)

A„_4 + X: — Xe, = «!

A y-^ _ 4 r *Ci2 «-v- — ^2

(6)

A„_g + X,, — X,j ~t\

''k-4 '^ ^n — i "^n-l — ^n-- + X,, /n-t
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(7) . (8)

^n-6 + Xi - a-g = gi K:-i + Xi- x^ =hi

A„_(; + a\2 — Xg — g.2 A„_7 + x^ — x^,, — h^

A„_6 + X:i — Xy^ =
g-i

A„_7 ^- x^ — aiu = Aa

(9)

A„_8 + Xi CCjo = ti

^l « _ 8 + ^'2 '^11 -^ '^2

These equations are very conveniently arranged in Table I., on

page 8. The numerical results of the comparisons of the sub-

divisions of our scale will be subsequently given in this form.

It will be seen that the coefficients of the unknown quantities

are in every case unity ; hence the solution of the equations by

least squares is simply a process of summation resulting in the

following normal equations

:

^n -^ f^'^n "^ Xi — ^?i + i )

Sn-i = (n - 1) A„_i + {xi + x^) - {x„ + x„+i) ;

Sn-i = {n — 2) A„_2 + (a^i + x. + x^) — (x„_i +x„ + x„ + i) ;

^^ ,
= (15 + l/'^n + {xi + x^ + Xs + ... + a;„)

- (xn + x„ + +a:„ + i);
"2 + ^ 2"*"'

>S'„ = o '^n + (iCl + iCa + ^3 + • • • + -^n)

-3 + 2 -j + »

jS:, = 3^3 + (•^1 + -^2 + x^) ;
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= A, + X,.

Table II. on page 9 contains the summations a^ + h^ + c^ + etc.

= ti ; (/._> + L + c. + etc. = L ; Oa + b^ + c^ +etc. = ^3, etc., etc. As
will be seen from the numerical example to be given, the values

of (i, L, /-A, • • • fn -\ a-re found by writing in vertical columns the

values in the horizontal columns in Table I., and also, with the

opposite sign, those values of x which have the same subscript

for — X as that given at the top of the column in Table II. A
short line is drawn at the point of demarkation.

The solution of the normal equations is facilitated by the

elegant transformations given on pages 9 to 16. The following

are the resulting equations employed in the solution :

X= Xi + x, + x.i + . . . + x„_i + Xn + Xn^i . . (1)

Control for the values of t and for the sums S given in Table I. :

^ + ^ + ^3 + • • . + fn-2 + tn + 4 + 1 = 0.

nt^ -f (n — 2) ^2 + {n - 4) ^3 + . • . - (w - 4) 4_i
- in - 2j t„ - nt,,,i = 2[/SVi + 2S^_, + 3>S'„_2 + . • .

+ {n - 2) .S; + (71 - 1) &].

Relations between S, P, and X, given by equations (9) on page

12, and equations (61 on page 11

:

Sn = ^11 +- ^1 lli".! = 'S'n + 2X
= S,o + 2X
= S, + 2X
= Ss +2Z 2X=llPu-/^u

= S, + 2X
= Sr, + 2X

Control

:

P„ + P,„ + P, f P, + P, + ^'= X
Relations between D, 7?, and 2, from equations (10) on page

13, and equations (16) on page 14 :

i>„ = tn - ii 11^10 = Ao - Ai - ^10

i>,„ = (,, - (, 11 R, = A - ^10 - -^9

A =4 -t. 11/''. =1), -I), -2,
D, =i, -(, * 11/^7 = A - A - ^7

D, =t, - t.

Sm = MO + t. HP.,:

s. = {9 + h HA
s. = h + h ilA

S: = i: + h HA
s. ^ to + /c liA
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In which the values of 2 are derived from the following

equations, given on page 12 :

Relations between Q and B from equations (17) on page 15 :

^1, = ^10 + Qn- ^ Qn
Qg = /ig + Qii) — 7) {Qn + vio)

Q, = B, + Qs - Ti (Qn + Qm + Qo + Qs)

Relations between F, Q, and the values of a; from equations (18)

on page 15 :

Xn = i{Pn + Qn) a^s = i (A - Q,)

OCio -- i {Pm + Qm) OC., = h (Ps- Qs)

^9 ^^ ¥ (^ 9 "i" V9 ) ^3 ^^ 2" (y 9 ~" V9 )

a-g ^ i {Ps + Qs) a?2 = i {Pw - Qio)

X, -HA + Qi) ^i = HPn-Qu)
X, -i(A + Q,)

Control :

^X=^^{l\Pn-Sn).

Relations between A and (>, from equations (20) on page 15

:

^2 = i (^11 + <?.() + ^%)

A3 = i {Qn + Qx, + (>9 + S:^

A4 = i (4^11 + ^10 + ^9 + (>8 + ^'4)

A5 = I {Qn + (>io + <29 + C>8 + Q7 + ^5)

Ac = i (4^11 + <2io + Q^ + Qs + Q7 + Se)

A7 = I ((>,i + ^,0 + Q,+ Qa + ^7)

A8= i {Qn+ (>.o + C>9+ ^%)

^9=
-I) ((>n + Qio + ^'j)

Aio = Vo (C^ii + '^w)

Control

:



THE CUMULATIVE ERRORS OF A GRADUATED SCALE. 137

c .k:> q
ow: g "5

*• ** ^ ""^

C3
X ei o

p- s C- S*H

e3 o O
-S

2 o 2 ^

-1-9 ^ ^ rp •^3

,2

-4J

a

S
o

C
©
a

©
It rs
^ ^3 O o-4^

O 6
©

$-1

©

>>

DC
1

C
ej-i

oc
e3 s'

o ^
—

-1-3

r^ cc
^ 1

cc
_c t£ >^ ^o *-3

•S -O
S-i _s TS e+i
o

02

^ TS O
^ 2

©
OS

c3 ©
5h

O o
o
B
o

a

o

CO

13
>

!2i

o
l-H

D3
o .2 [3d H
o 2-

*g
Vu '3 m

2 2 2
o
© O

-i^
-^

^•(-H
s "5 1^

.^_, ^ o cri o
c 1^ ^ o P

03
5^

1

-1^ •3 <
a:

cc

?s
"o g

©

2 cc

o
a; ^ ft

-k^

ce o 3 -

£ 5 >
2 ©

c2 Sb
2 tc a

tc C4^
.2

•fH

^ G o • ^H _o
r" g O

'-I.S

'^
'-ts s C5

c3
-1.9

c 3 a
M 3

£1.

© © ^ -*^

o
cc
o

^ C r*-

j; O ©
l-H 3 .5 -fc9

<*
«'

'1. -

« H

^ IN CO

o
1

O
1

o

II II II

1

o

1 1

II II

II
II II

I I

+ I I I

II II II II

II II
II II II

I I I

II II

I I I I I

I I

1

II

1

II

1

II

+
II

1 1 1 1

^> o *fl ©> »-<

O .-I -< O "-I

+ I

II II

I I I

1

II

1

II

1

II

SB

<6

+
II« a «

1 \
1 6?

II

II

II

Co O



138 THE CUMULATIVE ERRORS OF A GRADUATED SCALE.

Computation op ti, U, tz, . . . Uu

«i Xt Xs a-4 a-s a-6 Xy 3-8 Xi a?,o Xu

-0.511 + 0.0 fi +0.0m + 0.2 M + 1.5m - 1.5 (a + 0.2)11 -1.1 M -0.2 M +0.4 M + 0.0/i

+ 0.0 + 0.2 + 0.6 + 2.4 +o.e - 0.9 -0.4 -1.2 + 0. +ol -0.1

-0.6 + 0.6 + 2.1 + 0.7 + 1.0 - 2.0 -0.7 -0.3 + 0.7 + 0.2 -0.3

+ 0.2 + 2.5 + 0.9 + 1.3 -0.3 - 2.0 + 0.2 '^ol -0.3 + 0.5 + 0.0

+ 1.2 -0.2 + 0.7 -0.6 -0.8 - 2.7 + 0.2 -0.9 + 0.3 + 0.8 + 0.4

-0.2 + 0.9 -0.3 -0.5 -0.4 ^T!2 + 0.2 -0.7 + 0.6 + 2.0 + 2.7

+ 0.7

-0.7

+ 0.3

-0.2

-0.2

+ 0.3

+ 0.0

+ 0.6 -0.6

- 2.5

- 2.1

-0.9
-0.7

-1.3

-1.0
+ 0.3

+ 2.0

+ 0.7

+ 1.2

-0.2

+ 0.3

-0.9 + 0.1 + 0.0 -0.2 -0.6 - 2.4 -0.6 + 0.9 + 0.4 + 0.2 -0.5

•^ + 0.5 + 0.0 + 0.0 -0.2 - 1.5 + 1.5 -0.2 + 1.1 + 0.2 -0.4

Sums -0.8 +4.7 + 4.1 + 3.9 + 0.0 -18.8 -1.0 -6.5 + 5.4 +7.1 + 1.»

*i h ^1 ^4 ti t. h ^8 t» t,» ^u
Control : Xi = 0.

Control

:

5ti= - 4.0

44 = + 18.8

34 = + 12.3

24 = + .7.8

4 = + 0.0

+ 34.9

-40.1

- 4 = + 1.0

- 24 = + 13.0

-34 = -16.2

- 44o = -28.4

-54,= - 9.5

-40.1

Sum: - 5.2

9*^ = - 7.2 4rS, = + 11.3

8;^3 = - 4.8 3^8 = + 2.4

7Si = + 5.6 2xS; = + 3.6

es^= - 3.0

5^6= -12.0 Sio= - 1.0

Sum: - 6.2

Computation of P.

tii= + 1.9 4o= + 7.1 4= + 5.4

4 = - 0.8 4 = + 4.7 4= + 4.1

Sn = + 1.1 8,0= + 11.8 S,= + 9.5

2X= -1.1 • 2X = - 1.1 2X= - 1.1

11P„ = + 0.0 llP.o = + 10.7 11A = + 8.4

Pu= + 0.0 7^10 = + 0.97 A = + 0.7G
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U= - r».5
^r = - 1-0 h= - 1S.8

fi= -r 3.9 ''5 = + 0.0 h= - 18.8

5's = - 2.0 S:= - 1.0 S,= - 37.6

2A'= - 1.1 2X= - 1.1 2X= - 1.1

IIP, = -3.7 117\ = -2.1 llPe=-38.7
P,= - 0.3i r, = - 0.19 Po = - 3.52

Control

:

P„ + 7^0 4- A + Ps + P7 +-^ = - 0.56

X = - 0.55

Computation of P and P.

^,1 = + 1.9 Ao = + 7.1 ?'9 = + 5.4

- A = + 0.8 - ^2 = - 4.7 - ^3 = - 4.1

Pu = + 2.7 P,o = + 2.4 D, = + 1.3

- P„ = - 2.7 - P,o - - 2.4

- :^,o = + 0.2 -2^ = + 0.4

iiPio = - 0.1 11P9 = - 0.7

Pio = - 0.01 P9 = - 0.06

ts= - 0.5 ^T = - 1-0

- f, = - 3.9 -h= + 0.0

Pg = - 10.4 P: = - 1.0

- A = - 1.3 _ i>g = + 10.4

- JSg = + 0.2 - 2^^ - 1.2

11P8= - 11.5 11P7= + 8.2

Pg = - 1.04 P, = + 0.74

Computation of Q.

Pi„ =: - 0.01 P9 = - 0.06

Qn = 0.00 g,o = - 0.01

- ^ ^11 = 0.00 -\2Q = + 0.00

^,, = _ 0.01 $9 = - 0.07

R^= - 1.04 7^, = + 0.74

Q,= - 0.07 (>s = - 1.10

^^2Q ^ + 0.01 _ ^ J^-^^ =-- + 0.08

Q^= - 1.10 <?: = - 0.28
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Computation op Xi, x^, x^, . . . a?u.

Index. P e P+ Q P-Q
11 + 0.00 + 0.00 + 0.00 + 0.00

10 + 0.97 - 0.01 + 0.96 + 0.98

9 + 0.76 - 0.07 + 0.69 + 0.83

8 -0.34 - 1.10 - 1.44 + 0.76

7 -0.19 -0.28 - 0.47 + 0.09

6 -3.52 .... -3.52

ccii = +0.00 Xi~ + 0.00

jc,o = + 0.48 X2= + 0.49

ajg = + 0.34 x^= + 0.41

ajg = - 0.72 Xt= + 0.38

a;^ = - 0.23 a?6= + 0.04

a;, = - 1.76

Control

:

^x= - 0.57. mi\ - Sn= - 0.55.

Computation of A,, A„, A.

Qu = + 0.00 ^\oQ = - 0.01 2,Q = - 0.08 2^Q = - 1.18

^10 = - 0.01 Q.= - 0.07 Qs = - 1.10 <?7 = - 0.28

.^,0 - - 0.01 2,Q = - 0.08 ^sQ = - 1.18 2,Q = - 1.46

^.= - 0.80 >S',- - 0.60 S,=- + 0.80

2^oQ = - 0.01 2,Q^- -0.08 ^6^ = - 1.18

2A2 -- - 0.81 3A3 = - 0.68 4A4 = - 0.38

A,= - 0.40 A3 = - 0.23 A, = - 0.09

^5=- 0.50 s,= - 2.40 S,= + 2.80

^\Q=- 1.46 ^.Q = - 1.46 2,Q = - 1.18

5A„= - 1.96 6Ae- - 3.88 7A, =r + 1.02

^5=- 0.39 \ = - 0.64 A7 = +0.23

^8- + 0.80 s,=^ + 1.80 S,o = - 1-00

8A8= + 0.72 9A9 = + 1.79 10A,o= - 1.00

A8= + 0.09 A,= + 0.20 A,o= - 0.10
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COMrAKISON OF CALCULATION WITH OBSERVATION.

a:,=0.0, a-a=+0.49; .r3= + 0.4l ; cc4=+0.38; crB=+0.04; a;o = -l.T6; «,=
-0.23: «e=-0.72; a:3=+0.34: rp,o=+0.48; a;n^O.OO.

A,= _0.40; A3=-0.23; A4 = -0.09; /l6= -0.39; A6= -0.64
; A,= +0.23 ;

Ae=+0.09; A,= +0.20; A,o= -0.10.

Aio cornpf. ote. c—o
T. -T, =-0.49-0.10-0.59-0.50 + 0.09 fi

a-, -a-3 =+0.08- .10-0.02 + 0.00-0.02
X. -.i\ =+0.03- .10-11.07 + 0.00-0.07
Xt -J-6 =+0.:M- .10 + 0.24 + 0.20 + 0.04

Xt -.J-, = + 1.80- .10 + 1.70 + 1.50 + 0.20
Xt — r, =— 1.5:^-

Xj -.rg =+0.49-
iTe -J'9 =-l.(W—
a-, -.r,o=-0.14-
a-io--'n=+0.48-

.10-1. 6.3-1. .50-0. 13

.10 + 0.39 + 0.20 + 0.19

.10-1.16-1.10-0.06

.10-0.24-0.20-0.04

.10 + 0. :38 + 0. 40-0. 02

a-i-a-4 =-0.38 + 0.09-0.28-0.60-0.32 »i

Xj-a-j =+0.45+ .09 + 0. .54 + 0. 60-0. 46
a-3-a-s =+2.17+ .09 + 2.26 + 2.10 + 0.16
x^-a:^ =+0.61+ .09 + 70 + 0.70 + 0.00
Xi-Xg =+0.76+ . 09 + 0. cS5 + l. 00-0. 15

X,-Xa =-2.10+ .09-2.01-2 00-0.01
3-7-a:io= -0.71+ .09-0.62-0.70 + 0.08

j-t-3-,, = -0.72+ .09-0.63-0.30-0.33

x^-y, = + 1.96-0. 64 + 1. 12 + 1. 20-0.08 (*

t—Xj =+0.72—
*3— •'"e

=+1.13—
a-«-3-i, =+0.04-
a's-a'io=-0.44-
a-«-rii=-i.ro-

64 + 0.08-0.20 + 0.28
.64+0.49 + 0.70-0.21
.64-0.60-0.60 + 0.00
.64-1.08-0.80-0.28
.64-2.40-2.70 + 0.30

a;,_a-g =+0.72-0 09 + 0.63 + 0.70-0.07/01
acj-a-g =+0.15- .09 + 0. 06 + 0. .30-0. 24
a-3_.v,o=-0.07- .09-0.10-0.20 + 0.04
a-4-.Tn= +0.:38- .09 + 0.29 + 0.00 + 0.29

Ag compt. obs. c—o
.Ti-a-s =-0.41+0.20-0.21+0.00-0.21 /*

ara-a-4 =+0.11+ .20 + 0.31+0.20 + 0.11
^ " .20 + 0. .57 + 0. 60-0. 03

.20 + 2.34 + 2.40-0.06

.20 + 0.17 + 0.60-0.13

.20-0.84-0.90 + 0.06

.20-0.37-0.40 + 0.03

.20-1.00-0.20 + 1.20

.20 + 0.68 + 1.50 + 0.18

.23 + 2.48 + 2.50-0.02

.23 + 0.87 + 0.90-0.03

.23 + 1.33 + 1.30 + 0.03

.23-0.07-0.30 + 0.28

.23-2.01-2.00-0.01

.23 + 0.00 + 0.20-0.20

K
Xl-o•^ = +0.23-0. 39-0. 16-0. 20 + 0. 04 jn

Xi-Xi =+1.21- .39 + 0.82 + 0.90-0.08
a'j-a-B =+0.07- .39-0. .32-0. 30-0. 02
a;4-a'io= -0.10- ..39-0.49-0.50 + 0.01
a;s-a;jj= +0.04- .39-0.35-0.40 + 0.05

^3

Xi-x, =-0.34-0.23-0.57-0.70 + 0.13/*
a's-a'io= +0.01- .23-0.22-0.20-0.02
a-3-a;ii = +0.41- .23 + 0.18+0.30-0.12

a-s--Xi = +0 37 +
Xa--a« = +2.14 +
Xi--;**7 = +0.27 +
Xi--a-e = -1.04 +
Xt-a.-9 = -0.57 +
«8--a-io= -1.20 +
a;,--a;ii= +0.48 +

«i--a-6 = -0.04 + 1

a'a--3-6 = +2.25 +
a-s--a-T = +0.64 +
^4--J'fl = + 1.10 +
Xi--»•» = -0.30 +
a-e--3^10= -2.24 +
Xi--Xii= -0.23 +

A 5 compt. ob«. c—o
a-, _.T,o= -0.48-0. 40-0. 88-0. 90 + 0. 02 (It

a-2-.r,,= +0 49- .40 + 0.09 + 0.10-0.01

The value of the probable error of a single space-determination

derived from all the residuals is r^ = ± 0.092 yu. Even admitting

tliat there is no elimination of accidental errors in the summation
for five spaces, it appears that the middle value will have no error

much exceeding 0.5 pi. This result is in close agreement with my
ordinary experience. When the spaces compared are decimeters,

the value of rg will be slightly increased, but it rarely reaches

0.15//.

We are now prepared to make a direct comparison of the

values of x with corresponding values derived from the summation
of the values in the column Xi — X2, x-i — Xg, etc. In order to

make this comparison under the nomenclature adopted in the

latter form of reduction, the signs of the values of x derived above
are to be changed.
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Line. R-L Relative Cor-
rections.

2
From discus-

sion.
A

2 -0.5 /< -aA 1.1 -0.40 ;« -0.49 /< + 0.09

3 +0.0 + 0.1 -0.30 -0.41 + 0.11

4 + 0.0 + 0.1 -0.20 -0.38 + 0.18

5 + 0.2 + 0.3 + 0.10 -0.04 + 0.14

6 + 1.5 + 1.6 + 1.70 + 1.76 -0.06
7 -1.5 -1.4 + 0.30 + 0.23 + 0.07
8 + 0.2 + 0.3 + 0.60 + 0.72 -0.12
9 -1.1 -1.0 -0.40 -0.34 -0.06

10 -0.2 -0.1 -0.50 -0.48 -0.02
11 + 0.4 + 0.5 + 0.00 +0 00 + 0.00

Mean -0.10

It appears, therefore, that the shorter method gives results

which differ but little from those obtained from the more elabo-

rate discussion, the average difference being only 0.09 //. It will

be observed, however, that the residuals have a periodic form ; a

result which may always be expected in any summed series. I

add here the results obtained by two students in the college, Mr.

D. W. Kimball and Mr. F. E. Russell.

Line.
Kimbiill. Eussell.

2
Mean.

1 -0.7 /t -0.5 /< -0.60 m
2 -0.4 -0.3 -0.35
3 -0.4 -0.1 -0.25
4 -0.4 + 0.1 -0.15
5 + 1.9 + 1.8 + 1.85

6 +0.8 + 0.7 + 0.75
7 + 0.4 + 0.6 + 0.50

8 -0.6 -0 4 -0.50
9 -0.4 -0.6 -0.50

10 + 0.0 + 0.0 + 0.00

The results obtained from a comparison of the aliquot sub-

divisions of a given unit may be verified in the following

manner :

In subdivisions of metric units we may compare the two halves

of the entire unit

—

e.g., of 1 decimeter—and then combine the

results with those obtained by comparing the separate sub-

divisions of each half.

If English units are employed, several combinations can be

formed.

As an illustration, I give hero the results of the discussion of a

combined decimeter and four-inch standard upon speculum metal,
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constnicted for Mr. J. A. Brashear upon au order from Dr.

Thalen, of Upsala.

The decimeters are subdivided to millimeters, and the last

millimeter is further subdivided to yV m)ti. and y^^ mm. The four-

inch scale is subdivided to tenths of inches. The last inch is sub-

divided into 100 equal parts, and the last hundredth is subdivided

to TiTint inch.

CORKECTIOXS TO THE MILLIMETER SUBDIVISIONS.

lu this discussion only two combinations are made, viz. : (1) Centimeters : mil-

limeters of each ceutimeter. (2) ^ decimeter : centimeters of each | decimeter
;

millimeters of each centimeter.

The means of the two results are given in column (a), aud the deviations of the

mean from either system are given in column (b). The corrections are referred

to the initial line.

(a) Kb) (a) (b) (a) (b) («) (6)

0. + Q.OtL + 0.0m 14. + 1.1 tL + 0.3/1 28 + 0.9 n + 0.0/1 42. + 0.9 /a -0.1m
1. + 1.3 + 0.1 15. + 0.8 + 0.3 29 + 1.3 + 0.3 43. + 1.0 -0.1
J. + 1.4 + 0.0 16. + 1.4 + 0.2 30 + 0.5 + 0.1 44. + 0.6 -0.2
3. + 1.6 + 0.2 17. + 1.1 + 0.3 31 + 1.1 + 0.1 45. + 1.1 -0.2
4. + 1.2 + 0.3 18. + 1.7 + 0.6 .32 + 0.9 + 0.1 46. + 1.5 -0.2
5. + 1.6 + 0.2 19. + 1.3 + 0.0 33 + 1.2 + 0.0 47. + 0.8 -0.2
6. + 1.6 + 0.3 20. + 1.1 + 0.1 34 + 1.7 + 0.1 48. + 0.2 -0.2
7. + 1..5 + U.4 21. + 1.0 + 0.0 35 + 0.5 + 0.1 49. + 0.8 -0.2
8. + 1.6 + 0.4 22. + 1.6 -0.3 36 + 0.9 -0.1 50. + 0.8 -0.1
9. + 0.5 + 0.3 23. + 1.6 + 0.0 37 + 0.7 + 0.1 51. + 0.3 -0.3

10. + 0.2 + 0.3 24. + 1.6 -0.4 38 + 1.1 + 0.1 52. + 0.6 + 0.0
11. + 1.1 + 0.3 25. + 1.4 -0.3 39 + 1.1 + 0.1 53. + 1.0 + 0.0
12. + 1.7 + 0.3 26. + 1.1 -0.3 40 + 0.6 -0.1 54. + 1.6 + 0.2
1.3. + 1.1 + 0.3 27. + 1.1 -0.3 41 + 2.2 + 0.0 55. + 1.5 -0.1

(a) ih) [a) ib) («) (6) (a) {b)

56. + 1.1 n. + 0.0 lu. 67. -0.2 n + 0.2 /x 78 -0.4 /LL + 0.3/11 89. + 4/1 + 0.2/1
57. + 1.1 + 0.1 63. + 0.9 + 0.0 79 -0.3 + 0.4 90. -0.1 + 0.3
58. + 0.9 + 0.1 69. + 0.6 + 0.6 80 -0.2 + 0.3 91. -0.2 + 0.3
59. + 0.8 +0.2 70. + 1.1 + 0.0 81 -0.2 + 0.4 92. + 0.4 + 0.3
60. + 0.2 + 0.0 71. + 0.7 + 0.1 82 + 0.2 + 0.4 93. + 0.0 + 0.2
61. -0.2 + 0.2 78. +0.1 + 0.2 83 + 0.4 + 0.4 94. + 0.8 + 0.2
62. + 0.0 + 0.3 73. + 0.1 + 0.4 84 + 0.5 + 0.5 95. + 0.3 + 0.4
m. -0.2 + 0.3 74. -0.1 + 0.4 85 -0.3 + 0.3 96. + 0.2 + 0.1
64. + 0.3 + 0.3 75. + 0.2 + 0.6 86 + 0.2 + 0.4 97. + 0.0 + 0.1
65. -0.6 + 0.2 76. -0.4 + 0.5 87 + 0.4 + 0.4 98. + 0.3 -0.1
66. +0.4 + 0.2 77. + 0.0 + 0.4

100. -f

88

(«)
0.0

+ 0.7

(b)

+ 0.0

+ 0.4 99. -0.8 + 0.0

It will be seen from this table that slight systematic deviations

between the two sets of results exist, but they fall in value within

the limits of the accidental errors of observation.

CORRECTIOXS TO THE TENTH OF INCH SUBDIVISIONS.

From the data derived from observation, five combinations are

made in this discussion. The combination for each series is

indicated by the reference numbers given.

The values of {R — L) are given in divisions of the micrometer,

one division of which is equal to 0.203 ij = 0.0C0008 inch.
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(1) Subdivisions into

(2) Subdivision into

division of each of the

(3) Subdivision into

division of each of the

(4) Subdivision into

division of each of the

(5) Subdivision into

division of each of the

Combinations.

40 equal parts.

2 equal parts, and the subsequent sub-

2 parts into 20 equal parts.

4 equal parts, and the subsequent sub-

4 parts into 10 equal parts.

5 equal parts, and the subsequent sub-

5 parts into 8 equal parts.

8 equal parts, and the subsequent sub-

8 parts into 5 equal parts.

DATA FROM OBSERVATION.

1) (2) m
2-incb space^^. Inch spaces. i-inch spaces.
R-L 2 R-L 2 R-L 2

1 + 10.0 + 8.0 + 8.0 1. + 9.0 + 0.0 + 0.0 1. +7.5 + 3.7 + 3.7

2 - 6.0 -8.0 + 0.0 2. +17.0 + 8.0 + 8.0 2 + 1.0 -2.8 + 0.9
Mean:+ 2.0 3. + 1.5 — 7.5 + 0.5 3 + 7.0 +3.2 + 4.1

4. + 9.5 + 0.5 + 0.0 4 + 8.5 + 4.7 + 8.8
Mean:+ 9.0 5

6

8

-5.0
+ 4.2
+ 0.8
+ 6.5

-8.8
+ 0.4
-3.0
+ 2.7

+ 0.0
+ 0.4
-2.6
+ 0.0

(4) (5)

J-inch spaces. I's-inch spaces.

1 in. 2 in. 3 in. 4i«. is in. 1 in. H in. 2iw. 2i 171. 3 in. 3i in. 4 in.

1. + 7.0 + 13.0 + 4. D +8.0 1. + 7.0 + 9.0 + 9.0 + 10.0 + 8.0 + 8.0 +'9.0 + 10.0

2. + 9.0 + 3.0 + 6.0 +6.0 2. + 9.0 + 9.0 +10.0 + 9.0 + 7.0 +12.0 + 8.0 + 11.0

3. + 8.0 + 8.0 + 2.0 +8.0 3. +10.0 + 7.0 + 9.0 + 6.0 + 10.0 +10.0 + 8.0 + 6.0

4. + 5.0 + 3.0 +13.0 +6.0 4. + 9.0 + 8.0 + 6.0 + 12.0 + 8.0 + 6.0 + 7.0 + 12.0

5. + 6.0 + 3.0 + 1.0 +9.0 5. +11.0 + 7.0 +10.0 + 10.0 + 4.0 + 6.0 + 8.0 + 9.0

Means + 7.0 + 8.0 + 5.2 +7.4 + 9.2 + 8.0 + 8.8 + 9.4 + 7.4 + 8.4 + 8.0 + 9.2

Means: +8.85 Mean;: :+8.25

I. 11. III.

Prom (1) and the
halves of ('.'i'l.

two Prom (2) and (5) From 3) and (4).

(a) (4) Sum. (a) (i) S'(/»i. id) (W Snm.

1. + 0.4 -1.8 -1.4 + 0.0 -1.6 -1.6 + 0.7 -2.2 -1.5
2. + 0.8 -1.7 -0.9 + 0.0 -1.2 -1.2 + 1.5 -2.4 -0.9
3. + 1.2 -0.6 + 0.6 + 0.0 + 0.2 + 0.2 + 2.2 -1.6 + 0.6

4. + 1.6 -0.4 + 1.2 + 0.0 + 0.6 + 0.6 + 3.0 -1.8 + 1.7

5. + 2.0 + 1.8 + 3.8 + 0.0 + 3.0 + 3.0 [ + 3.7] + 0.0 + 3.2

6. + 2.4 + 1.9 + 4.3 + + 3.4 + 3.4 + 3.2 + 1.0 + 4.2

+ 2.8 + 2.0 + 4.8 + 0.0 + 3.8 + 3.8 + 3.6 + 2.0 + 5.6

s'. + 3.2 + 0.2 + 3.4 + 0.0 + 2.2 + 2.2 + 2.1 + 1.0 + 3.1

9. + 3.6 -0.6 + 3.0 + 0.0 + 1.6 + 1.6 + 1.5 + 1.0 + 2.5

10. + 4.0 -2.5 + 1.5 L
+ 0.01 + 0.0 + 0.0 [ + 0.9] + 0.0 + 0.9

11. + 4.4 -2.4 + 2.0 + 0.8 -0.1 + 0.7 + 1.5 + 0.2 + 1.7

12. + 4.8 -1.2 + 3.6 + 1.6 + 0.8 + 2.4 + 2.1 + 1.4 + 3.5

13. + 5.2 -1.0 + 4.2 + 2.4 + 0.7 + 3.1 + 2.7 + 1.6 + 4.3

14. + 5.6 -3.9 + 1.7 + 3.2 -2.4 + 0.8 + 3.4 -1.2 + 2.2

15. + 6.0 -2.8 + 3.2 + 4.0 -1.5 + 2.5 [+4.11 + 0.0 + 4.1

16. + 6.4 -1.6 + 4.8 + 4.8 -0.6 + 4.2 + 5.0 + 0.6 + 5.7

17. + 6.8 -1.4 + 5.4 + 5.6 -0.7 + 4.9 + 6.1 + 0.2 + 6.3

18. + 7.2 -4.3 + 2.9 + 6.4 -3.8 + 2.6 + 7.0 -3.2 + 3.8

19. + 7.6 -1.2 + 6.4 + 7.2 -0.9 + 6.3 + 7.9 -0.6 + 7.6

20. [+8.01 + 0.0 + 8.0 [ + 8.01 + 0.0 + 8.0 [+8.81 + 0.0 + 8.8

21. + 7.6 -0.2 + 7.4 + 7.2 + 0.1 + 7.3 + 7.0 + 0.6 + 7.6

22. + 7.2 -1.5 + 5.7 + C.4 -0.8 + 5.6 + 5.3 + 0.2 + 5.5

23. + 6.8 + 0.3 + 7.1 + 5.7 + 1.3 + 7.0 + 3.5 + 2.8 + 6.3

24. + 6.4 + 0.0 +6.4 + 4.9 + 1.4 + 6.3 + 1.7 + 3.» + 5.1

25. + 6.0 -4.2 + 1.8 + 4.2 — 2 5 + 1.7 [+0.0] + 0.0 + 0.0

20. + 5.6 -4.5 + 1.1 + 3.4 -2'.4 + 1.0 + 0.1 -0.4 -0.3
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From (1) and the 1two From (

halves of (5).

t(i) (b) Sum. (a)

«7. + 5.2 -0.8 + 4.4 +2.7
2S. + 4.8 + 1.0 + 5.8 + 1.9

99. + 4.4 -1.2 + 3.3 + 1.2

30. + 4.0 -3.5 + 0.5 1 + 0.5]

31. + 3.6 -2.8 + 0.8 + 0.5
32. + 3.2 -3.0 + 0.2 -fO.4
S3. + 3.S -3.2 0.4 + 0.4
34. 4 2.1 -4.5 2.1 +0.3
35. + 2.0 -4.8 2.8 + 0.3

36. + 1.6 -3.0 1.4 + 0.2

37. + 1.2 -0.2 + 1.0 + 0.2

38. + 0.8 -2.5 •1.7 + 0.1

39. + 0.4 -0.8 0.4 + 0.1

40. + 0.0

rv.

+0.0- + 0.0

V.

+0.0

From (5). From (2) and (4).

(a) (6) Sum.
1.

2.

— 1.5
-1.1 +6'.6 +6!6 +6.6

3. + 0.3
4. + 0.8 Voio +2!6 +2!6
5. +3.3
6. + 3.7 + 0.0 + 3]6 +3!6
7. +4.2
8. + 2.6 +6.6 + i!6 +1.6
9. + 2.0

10. + 0.5 [+o:6] +0.6 +6!6
11. + 1

12. + 2.4 +i!6 +60 +e.6
13. + 2.9
14. + 0.3 +3'

2

+6'6 +3.2
15. + 1.8
16. + 3.2 + 4^8 '+6.6 +4". 8
17. +3.7
18. + 1.1 + 7.2 -5^6 +2'.2

19. + 4.6
2.3. + 6.0 [+8:6] +6!6 +8!6
21. + 5.4
22. + 3.7 + 6.h -i'.6 +4'.9

23. + 5.4
24. + 4.8 + 5.6 -6^4 + 4!6
25. .rO.3

26. -0.3 + 3.5 -3.6 -o.i
27. + 3.2
28. +4.6 + 2.0. + 4

'.2 + 6]2
29. + 2.7
30. -0.5 [+6: 5] +6!6 + 6.5
31. + 0.0
.32. -0.6 + 6'.4 +6'.6 + 1.0

33. -1.8
34. -2.7 +6!3 -6;8 -6.5
35. -3.3
36. -1.8 +6! 2 -6.2 +6'.6

37. + 0.6
38. -1.9 +6.i -i!6 -i'.5

39. -0.5
40. +0.0 +6.6 +6!6 '.^6!6

II.

(b)

+ 1.7
+ 3.8
+ 1.9
+ 0.0
+ 0.4
-0.2
-0.8
-2.4
-3.0
-1.6
+ 0.8
-1.8
-0.4
+ 0.0

Sum.
+ 4.4
+ 5.7
+ 3.1
+0.5
+ 0.9
+ 0.2
-0.4
-2.1
— 2.7
-1.4
+ 1.0
-1.7
-0.3
+ 0.0

III.

From (3) and (4).

(a)

+0.2
+ 0.3
+0.3

[ + 0.4]
-0.2
-U.8
-1.4
-2.0
[-2.6]
-2.1
-1.6
-1.1
-0.5
+ 0.0

ib)

+ 3.2
+ 4.8
+ 2.4
+ 0.0
+ 1.0
+ 1.0
+ 0.0
+ 0.0
+ 0.0
+ 0.8
+ 2.6
-0.6
+ 0.2
+ 0.0

Sum.

+ 3.4
+ 5.1
+ 2.7
+ 0.4
+ 0.8
+ 0.2
-1.4
-2.0
-2.6
-1.3
+ 1.0
-1.7
-0.3
+ 0.0

Average Means

I.-V.
deviation I.-V.

from mean. in microns.

-1.5 0.1 -0.30 ft

-0.8 0.3 -0.16
+ 0.4 0.2 +0.08
+ 1.2 0.4 +0.24
+ 3.4 0.3 +0.68
+ 3.7 0.4 + 0.74
+ 4.0 0.6 + 0.92
+ 2.5 0.7 + 0.50
+ 2.3 0.5 + 0.46
+ 0.6 0.5 + 0.13
+ 1.3 0.4 + 0.26
+ 3 7 1.2 + 0.74
+ 3.6 0.6 + 0.72
+ 1.6 0.9 + 0.32
+ 2.9 0.8 + 0.58
+ 4.5 0.7 + 0.90
+ 5.1 0.8 + 1.02
+ 2.5 0.7 +0.50
+ 6.2 0.8 + 1.24
+ 7.8 0.7 + 1.56
+ 6.9 0.8 + 1.38
+ 5.1 0.6 + 1.02
+ 6.4 0.6 + 1.28
+ 5.4 0.7 + 1.08
+ 0.9 0.8 + 0.18
+ 0.3 0.6 + 0.06
+ 3.8 0.6 +0.76
+ 5.5 0.5 + 1.10
+2.8 0.3 +0.56
+ 0.3 0.3 + 0.06
+0.6 0.3 + 0.12
+ 0.2 0.3 +0.04
-1.0 0.6 -0.20
-1.9 0.5 -0.38
-2.8 0.2 -0.56
-1.2 0.5 -0.24
+ 0.9 0.3 + 0.18
-1.7 0.1 -0..34
-0.4 0.1 -0.08
+ 0.0 0.0 + 0.00

It appears from this discussion that the average deviation of

the corrections for a single space from the mean of the results

derived from the different combinations is 0.1 m, a result nearly

identical with that found from the first discussion. It seems safe

to conclude, therefore, that in the summation of ten values of

(7? — L) no error greater than 0.4 /a is likely to occur, when the

comparisons are made with care.
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It is to be noted that the close agreement of the results in the

direct summation of the millimeter corrections with the mean
values, must be considered as accidental, since ordinarily it would

be impossible to make 40 summations without introducing sys-

tematic deviations of considerable magnitude. It is doubtful if

anything is gained by making the summations exceed ten in

number.



STRENGTH OF RIM-JOINTS IN FLY-BAND U^HBELS. 147

DLXV.*

STRENGTH OF RIM-JOINTS IN FLY-BAND WHEELS,

BT J. B. STANWOOD, TINCINKATI, OHIO.

(Member of the Society.)

In November, 1892, 1 presented to the Society a paper entitled

" Strains in the Rims of Fly-Band Wheels, Produced by Centrif-

ugal Force." t Professor Lanza, in his discussion of the paper,

alludes to three assumptions which he attributes to me. The
third assumption, viz., that the stretching of the arms in a

radial direction will be such as to cause the stress in the rim,

due to bending, to be one-half what it would be if the arms did

not stretch at all, he considers insufficiently exact, and says

:

" The stretching of the arms varies with the relative cross sec-

tion of arm and rim." Of this I am well aware, as I stated in

my paper, that when the arms are few in number and of large

cross section the rim will be strained transversely to a greater

degree than with the same number of lighter arms.

This third assumption gives the limit of the strain in the rim,

a strain which cannot be exceeded, and often is less. Professor

Lanza says that the centrifugal action of the arms alone

approaches, but does not exceed, one-third of the stretch re-

quired in order that there be no bending of the rim, and I

believe that the stretching of the arms, due to the load thrown

upon them by the centrifugal force of the rim, is usually much
more than one-sixth additional, thus defining the limit as about

i = 3 + /;• As a corollary to this, the hoop tension in the rim
is reduced to one-half, for the arms resist one-half of the cen-

trifugal force of the rim, leaving a bursting pressure ^ to develop

hoop tension.

Professor Lanza throws additional light upon the strength

of the joint, but does not go far enough, provided we take into

* Presented at the New York meeting, December, 1893, of the American Society

of Mechanical Engineers, and forming part of Volume XV. of the Transactions,

f Volume XIV., Transactions A. S. M. E., No. 515, page 251.
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account a bending strain, which he acknowledges does exist.

Using mj theory as a rough approximation of the truth, it can

be shown that even a greater strain is thrown upon the joint

than he suggests.

What are the strains in the rim, supposing it to be relieved of

one-half of the hoop tension, and its bending due to the inward

pull of the arms is one-half of the bending, if the arms do not

stretch at all ?

Eig. 36 represents the strains in such a case : S and S are the

Fig. 36.

arms. The rim is a beam, uniformly loaded and fixed in direc-

tion where it joins the arms ; it is under tension by an amount

^0 • .

-^ per square inch.

If M— bending moment at section AA, midway between

arms, supposing rim to be uniformly loaded and supported at

the ends only ; and M^ — bending moment at section AA, sup-

posing rim uniformly loaded and fixed in direction at its

ends ; and Mb = bending moment at section BB, supposing

rim uniformly loaded and fixed in direction at its ends, then Mb
— M — ilf^, and if rim is of uniform section M^ — \ Mb-

The rim should be thick enough to resist both the bending

moment Mb, and the hoop tension ; it can be determined by the

following formula

:

t= -.^l^" ,. (1)

N-'
1

10

as shown in my former paper ; where t — thickness in inches

for rectangular rims, d = diameter of wheel in inches, N =
number of arms, V = velocity of rim in feet per second,

F — maximum working tensile strength of material.
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If a joint is used, as shown in Fig. 37, the same rim thickness,

t, can be retained, provided the joint is as strong as the solid

section of the rim, with a slight additional allowance for the

strain caused by the centrifugal force of the lug flanges and

their bolts.

"What conditions are necessary to make the joint as strong as

the solid section of the rim ?

First. The bolts must be strong enough and have sufficient

leverage, he, to resist the bending moment (pointed out by Pro-

fessor Lanza).

F V^A
Mir = -^ac = -20""^'

Second. The bolts and their leverage must resist the bending

moment due centrifugal force developed in rim.

M^ = _4 AdV^

Third. The bolts and their leverage must also resist the bend-

ing action at section AA, Fig. 37, due to centrifugal force devel-

oped by weight of lug flanges and their bolts.

,^ 3iy F" ,, .

Ml = ^Q -^ ; so that

Sbc = Mp+ 3Ij, + Ml (2)

where S ~ tensile strain thrown upon all the bolts in one joint.

This reduces to the following practical form

„^ T^- /8 Ad 6 ty , \ ,_,

'^^=^0"V^^^ +ir + ^'^^J
....

(3)

Y, d, and N have values already given, A = area of rim cross-

section in square inches, and iv = weight of one set of lug flanges

and their bolts in pounds.

It is worth noting that the joint is made stronger with a given

size of bolts when he is as large and ah as small as possible

(Fig. 40).

In the construction of the joint care should be bestowed upon
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the flange thicknesses of the lugs, especially upon the section

taken on the line of bolt holes XY (Fig. 40), which receives the

greatest strain ; the thickness db should be such that after de-

ducting the bolt holes this section should have a moment of

resistance = She. The joint is more apt to fail here than the

bolts are to break.

Probably very few joints have been designed to satisfy all of

these conditions, and yet few have failed. Indeed, in the case

Fig. 38.

x--bl <r '/, ^-r

JFo^ -V-^o

Fig. 40.

of one wheel which burst, the writer is sure the joint did not fail,

although not constructed in accordance with these principles.

Why? It seems probable that when the bolts are excessively

strained they stretch, permitting the joint to gap open slightly

at the edge near a, Fig. 37 ; by this action a greater strain is

thrown upon the rim near the arms, so that 71//? is made greater.

In other words, as .1/^ is made less /l/^y becomes larger. If the

joint has no strength at all, then Professor Lanza's deduction

t = 1.42 d

N' V 10/

is right.

What is the relation existing between strength of joint and

thickness of rim ?

Let SJjc be less than She, as determined by equation (3) ; let
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.\fx be the available bending moment possessed by the joint, any

excess of which will cause it to yield. The bending moment at

BB now is Mjj — M — 21x, Mx being less than Mj,.

3
J/j — S^hf — Jff^ and JI = -^Mj^ + M^, therefore

Ms = \2U + Mj^-S,hc + M^ ..... (4)

In the paper of November last the thickness for rims with

joints is taken qO< greater than for solid wheels ; this case cor-

3
responds to a bending moment M^ = ^^Mj^ and a hoop tension

—-
; the joint is relied upon to resist the other moments, and it

must be strong enough so that Sibc = Mj, + 2lp, which reduces

to.^,6c = -^^^ + ^ac

In practice the joint should not be made of less strength than

Sibc = Foac = T?v-^«<? (5)

as pointed out by Professor Lanza, for frequently the edge of a

rim may be strained to the full hoop tension.

To calculate a rim thickness for a special joint (whose strength

should not be less than that obtained by equation (5) ), first

determine Sibc, then by equation (4) find Ms ; second, with an

assumed cross-section of rim, find the greatest fibre strain Fjn

F V^
induced by bending moment J/g ; third, to Fjn add -^- — ^^^,

then Fyr+ ~ must be less than F = 6,000 lbs. If Fj,, + ^ ex-

ceed 6,000 lbs., increase thickness of rim until the desired result

is obtained.

Fig. 38 represents the case where the joint is at the arms ; the

additional strength derived from the bolts connecting with the

arms tends to make the joint as strong as the rim itself ; the rim

also bends in such a manner as to close the joint together near
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a, instead of causing it to gap open as in Fig. 37. Therefore the

bending moment

Ms = 2M^+ Ml-Mf (6)

The best position for a joint when it cannot be placed at the

arms is that shown by Fig. 39, at a section XX, where there is no

bending moment ; this section is located a distance e = 0.289 I

from section AA / I = distance between arms.

Under these conditions the joint should be made strong

P
enough to resist the hoop tension ^7] Aac, and the bolts should

be proportioned to resist a shearing force equal to one-half the

centrifugal force of that portion of the rim included between the

• • . ^ .1 .• A ^ MSV'A
joint and the section AA =

^^
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PLXVI

*

EXPANSIOX BEARINGS FOR BRIDGE SUPER-
STRUCTURES.

BY GEOKCiE S. MOHISON, CHICAGO, ILL.

(Member of the Society.)

Among the special details of bridge construction, one of the

most important is the provision for changes of length due to

temperature, and while this is a provision which is nearly

always made, it is, unfortunately, one of the details on which

least care is bestowed. For many years I have observed the

defects of the expansion bearings of bridges as generally con-

structed, and it has seemed to me that the time has come when
the attention of engineers should be called to these defects and

to the arrangements which, I believe, will obviate the worst

existing difficulties

When a structure which changes its length rests on supports,

the distance between which is practically unchangeable, pro-

vision must be made for that change of length. When metallic

structures rest on masonry piers some attempt at such provis'on

is universally made. The refinement of modern theory would

say that like provision should be made for wooden structures

resting on masonry, as timber changes its length under strains

more than iron does. In practice, no such provision is made in

wooden bridges, and it is best that none should be made. In

practice, this provision, though always made in metallic bridges,

seldom operates as it should.

The older devices for this purpose were of three classes,

sliding plates, rockers, and rollers.

The sliding plate was the simplest of all. It consisted simply

of a smooth-planed surface of metal on the masonry, and a like

surface at the bottom of the end post, one sliding on the other.

So long as the plates could be kept lubricated this worked

pretty well ; the difficulty in lubricating, however, was often

* Presented at the New York Meeting (December, 1893) of the American Society

of Mechanical Engineers, and forming part of Volume XV. of the Transactions.
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fatal, and though there are instances of important bridges, of

spans of considerable length (like the deck spans of the Louis-

ville bridge), which have done good service with sliding-plate

bearings, the practice has not met with favor. Sliding plates,

however, are generally used under riveted structures of mod-

erate length.

Rockers are an attractive design, and have some advantages

over other plans. The rocker is, in fact, nothing but a section of

a wheel, the weight being carried on the axle and the wheel

rolling on its circumference. There are two objections to a

rocker bearing ; the great weight that must be carried on the

axle and the friction on this axle. The friction causes more or

less sliding motion ; the result of this sliding motion is to work

the bearing gradually toward one edge of the section, so that at

length the rocker falls over. Rockers were used considerably

twenty-five years ago ; they are now almost entirely abandoned.

Rollers have always been the favorite device. It is the one

arrangement in which friction ca^n virtually be eliminated.

There are no sliding surfaces ; the top bearing rolls on the

rollers, and the rollers roll on the lower bearing. If perfectly

constructed the arrangement must always be perfect. Such has

not proved to be the fact, and in many instances the motion on

the rollers is less than on the sliding plates.

As rollers ought theoretically to give perfect expansion, and

fail to do so, it follows that the defects are not in the principle

but in the details of design and manufacture. The problem for

the engineer is to devise a form of rollers which will always

roll.

The function which an expansion joint has to perform is to

transfer the weight of a superstructure whose length changes,

to a fixed substructure, without exerting on that substruct-

ure any other than a purely vertical strain. Whatever the

changes in length or the irregularities of workmanship, the

weight of the superstructure, and nothing else wliatever, should

be transferred to the piers below. Horizontal strains should be

entirely eliminated, whether those strains be due to changes of

dimensions or to irregularities of bearing.

The older styles of rollers failed to meet these conditions and

failed to roll ; a study of the older rollers will show why they

failed.

Tlie old roller bearings diflerod from the old sliding plates



EXPANSION BEARINGS FOR BRIDGE SUPERSTRUCTURES. 155

simply iu that a nest of rollers was placed between the two

plates. The lower bearing was a flat cast-iron plate on masonry

;

the upper bearing was the planed surface of an end post, usually

of cast iron ; the nest of rollers was between. There was no
provision except accuracy of workmanship to insure paral-

lelism of the two plates, and even the slight deflection of the

truss due to the passage of a train would disturb this parallel-

ism ; the necessary result was that some of the rollers were

greatly overburdened. This practice, however, was abandoned

many years ago, and all the better designed bridges now transfer

their weight to the rollers through bolsters, which, supporting

the trusses through the end pins, are free to rock ; one of the

serious defects of the older roller bearings has been thus

removed.

In the older bridges built by the Keystone Bridge Company
the bottom bearing was a cast-iron wall plate ; the rollers were

of cast iron ; the upper bearing was a cast-iron plate which cov-

ered not only the top but the sides and ends of the rollers, shut-

ting them up in a box where they could not be seen. While this

arrangement was in many respects the best in use at the time, it

had the serious defect of putting the rollers where they could

not be kept clean.

A better practice, which was used by Mr. C. Shaler Smith and

some other good designers, was to cut a series of parallel grooves

in the flat surface of the lower casting ; these grooves permitted

of cleaning the rollers, and served as dust traps, from which the

dust would either blow out or could be removed. It was a step

in the right direction, and it is to be regretted that it has not

been more generally followed.

The practice which followed this, and which is still in com-

mon use among the majority of American bridge builders, places

on the masonry a comparatively thin plate of wrought iron or

steel, the top surface of which is planed, and on which two angle

irons are riveted, which serve as guides for the rollers. The
rollers are seldom more than three inches in diameter, and are

turned with short journals at the ends, while side plates fitted

over the journals keep the rollers parallel, a stiff angle iron frame

being sometimes substituted for the plates. Above the rollers

is the top bearing, which is the under side of the bolster, and is

fitted with guide angles in the same way as the bottom plate.

It is. impossible to get at the rollers to keep them clean ; the guide
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angles of the top and bottom plates make a box which becomes

filled with dirt, while the rollers are so small that comparatively

little obstruction locks them fast. Unless unusual care is taken

to secure a proper bearing between the lower plate and the

masonry, this thin plate will become indented so that there is a

groove under each roller. Bearings of this kind are often found

to be completely immovable.

The friction of these small rollers is considerable ; if every-

thing were clean it would not be large, but as soon as dirt begins

to collect around the rollers friction increases rapidly. The

rollers do not always keep in their true position ; the side plates

of the frames keep them parallel to each other and at equal dis-

tances ; but the whole nest of rollers will often be found to be

badly slued ; sometimes the whole nest moves, keeping its

proper shape, but more often the guides prevent this, the rollers

move individually, and the nest ceases to be rectangular.

The European practice has generally been much better than

the American practice ; the rollers used have been of larger

diameter, and they have been supported on wall plates of greater

thickness. The use of large rollers has led to the adoption of

segmental rollers, the sides of the rollers being planed off so

that they could be put closer together and still as much cylindri-

cal surface as was actually needed for the prescribed motion re-

tained. These segmental rollers are sometimes so designed that

they will shut into each other as they roll, but in many cases the

.sides are simply planed off flat. In Germany they are termed

stilts, and their use has become very general.

There seems to be only one valid objection to the use of seg-

mental rollers, and that is that if moved further than is intended

they will tip over and it will be very difficult to restore them to

position. With very heavy piers this condition is not likely to

occur, but in this country, where light piers are sometimes de-

flected by ice (which can be done without serious injury to the

masonry), this accident might not be infrequent. This accident

has occurred in Germany, and methods of preventing this over-

turning have been adopted ; they would be doubly necessary

here. One method has been to provide the ends of one roller

with teeth, which teeth mash into gears in tlie top and bottom

plates ; another method is to make the rollers of such sha])e

that they cannot tip over, but will support each other before

they fall.
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On one important American railroad the engineer has been so

dissatisfied with the working of roller bearings that he has given

them up entirely, and now secures his expansion by suspending

one end of each span by short links from an iron frame that rests

on the masonry, the end swinging as it were from a short pendu-

lum. This arrangement has some advantages, but it is compli-

Plattsmouth Bridge
400 Through jSpan

6- Ik

Fig. 41.

cated, and unless the span be anchored extraneously it permits

of too much lateral motion.

lu 1879, in preparing the plans of the bridge across the Mis-

souri River at Plattsmouth, Nebraska, I used the usual form of

rollers running between planed plates, both plates and rollers

being of steel, the rollers having grooves cut at the center, and
both top and bottom plates having guide ribs on them. The
lower plate, instead of resting on the masonry, was supported on
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a heavy wall-plate of cast iron. A plan of tliese rollers is given

in Fig. 41. The rollers had the usual journals at the ends, and

were kept equally spaced by side plates, which were held together

by cross rods with nuts at the end. In order to exclude dirt a

piece of rubber belting was placed between the side plates and

the rollers, so that when the cross rods were screwed up tight

the rubber would form a gasket pressing against both top and

bottom plates, the two rubber gaskets, with the two end rollers,

forming a box, which was expected to exclude dirt from within.

By removing the nuts at the ends of the rods the side plates and

gasket could be taken off and everything could be cleaned. The
arrangement was not wholly satisfactory ; the rubber failed to

exclude dust, and after a time was removed entirely ; the rollers

are now kept clean by occasionally removing the side plates

and cleaning them out with a brush. While they work better

than rollers generally do, the arrangement is far from perfect.

Two years later, in building the bridge across the Missouri

River at Bismarck, N. D., the spans of which are of the same

length as those at Plattsmouth, I used the same rollers and the

same bearing plate on top, this bearing plate being in both

instances the under side of the bolster, but substituted for the

flat plate under the rollers a composite plate made of T-rails

riveted to a plate below, this plate resting on a large wall plate

casting. The arrangement is shown in Fig. 42. One flange of

each T-rail was planed to a bevel edge and the other flange planed

almost entirely away, the arrangement being such that the flange,

when riveted down, held down the side of the adjoining rail

;

when the whole was riveted up the top was planed off, the center

rail being left high, so as to form a guide rib. This gave a very

rigid bearing plate, and also one which can easily be cleaned.

The dust naturally drops in between the rails, and if it ever

becomes necessary to clean the bearing by working a brush

parallel to the rollers, the dirt has to be brushed only as far as

the opening between two adjoining rails. I have used this form

of bearing plate almost invariably since that time, and made no

further change in the general arrangement until 1890.

The construction of the bridge across the Mississippi River at

Memphis, Tenn., presented a problem which called for a special

solution. The central span of this bridge is 621 feet long, and as

a cantilever arm projects from each end of this span, the weight

carried at each end corresponds to nearly double the weight of
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the half spau. Making uo allowances for changes of length due

to strains, the provision for temperature alone required a possible

movement of about eight inches, while the actual dead weight

carried on each bearing was 2,454,000 lbs., and the total dead and

5

K u
i9-C-

•r

live load 4,030,000 lbs. In other words, I had to prepare an

expansion bearing with a possible movement of nearly ten inches,

which should roll freely under a weight of 2,000 tons. This is

probably the largest expansion bearing ever built.

As the piers were tall and slender it seemed necessary to reduce
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the friction on this bearing as much as possible, and I decided to

use large segmental rollers. The rollers were made of forged

steel, fifteen inches in diameter, and placed six inches between cen-

ters, the sides being planed out hollow, so that the rollers would

shut into each other, after the European practice. This expan-

sion joint is shown in Fig. 43. The under bearing consisted of a

wall plate casting made in four sections, the whole being ten feet

square. On this wall plate are the rail plates, one on each side

of the center line, each rail plate being formed of fifteen rails

riveted to a heavy plate below. A solid steel plate four inches

thick is bolted between the wall plate castings and extends above

the top of the rail plates, thus forming a central guide for the

rollers. There are thirty rollers in all, fifteen on each side of the

central plate. The sides of the rollers are planed and the cylin-

drical rolling surfaces are polished. Each roller has two holes

bored completely through it, through which pass bolts made of

cold rolled shafting, these bolts uniting the rollers on the two

sides so that they will roll together. The lower tier of bolts pass

through side plates with square ends, and the upper tier of bolts

through side plates with hook ends ; before the rollers can turn

over, the hooks of the upper plates strike the square ends of the

lower plates and the motion is stopped. Graduated scales with

'sliding verniers were fitted on the lower plates, and brass pins

were inserted in the hook plates, this being a special refinement

put on for the purpose of reading the actual expansion, and from

this reading some interesting results have already been obtained.

Above the rollers is the bolster, which it was originally proposed

to make of two large steel castings with a guide plate between,

like those between the castings of the wall plate : so much diffi-

culty was experienced, however, in getting sound steel castings,

that the plan was changed and the bolster was built up of steel

plates and I-beams, a central plate being so inserted as to make
a guide rib between the rollers. On this was placed a large steel

casting, which carries the fourteen-inch pin on which the entire

weight of the superstructure is thrown.

As an extra precaution a steel lock plate was placed between

the two sets of rollers ; before any great strain can be put on the

bolts which fasten the side plates to the I'ollers the bolster will

strike one end or the other of this lock plate, and all further

movement will cease ; it is not likely that this will ever occur,

but it was thought best to provide for it, so that in case of some
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special strain tending to moTe the pier, the pier will bend before

there is any danger of the expansion bearing being thrown down.

The result of this arrangement has been satisfactory. The

-l^oj09-02-

bearing is sensitive to all changes of length, it forms an accurate

metallic thermometer 620 feet long, and tlie movements due to the

11
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passage of trains and the changes of chord lengths under strains

are accurately measured.

The arrangement as worked out proved so satisfactory that I

determined to use the same kind of rollers on the bridge over the

Mississippi River which I was then building at Burlington, Iowa.

This bridge contains six double-track spans, each 246 feet long.

The details of the expansion bearings were made precisely like

those I had used on other bridges, except that I used large

segmental rollers with angle iron side plates \vith square

ends below and flat hook plates above. The side plates project-

ing above and below the top and bottom bearing plates were

made to serve as guides. This bearing is shown in Fig. 44. Each
bearing contains five rollers precisely like the thirty rollers at

Memphis.

Observations on these bearings showed that some further

changes could be adopted to advantage. The cast-iron wall

plates and the rail plates were all that could be desired ; the

large segmental rollers with the hook side plates were good, but

could be improved ; the pin connection between the bolster and

tlie truss was good as far as it went, but was defective in that it

provided for rocking in one direction only, whereas irregularities

of workmanship or other disturbances might destroy the parallel-

ism between the pin and the rollers, and thus make very unequal

bearings.

To remedy this last defect I decided to make the rocking of the

bearing entirely independent of auy of the pin connections in the

truss, and to put below the chord line of the truss what I have

termed a rocker plate, which is a polished steel plate with two

cylindrical surfaces on top and bottom at right angles to each

other. The plate beariug ou the rollers is a steel casting, with a

turned socket in the center, in which the rocker plate fits, and

above the rocker plate is another steel casting with a turned

socket below. The upper casting is, therefore, free to rock in any

direction without disturbing the lower casting.

The first bridge in which this device was used was the viaduct

which carries Mound Street across the yard of the St. LiHiis,

Keokuk & Northwestern Railroad, in the city of St. Louis.

This viaduct consists of a single span of 293 feet. The ex})ansiou

bearing is shown in Fig. 45. The rollers were 6 inches in diameter

and spaced 2[| inches between centres, beiug much smaller than

those used before ; in other respects they were simihir to the
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Memphis rollers. The steel castings with the intervening rocker

plate come above the rollers.

The operation of this expansion joint has been satisfactory, but

the rollers seemed smaller than it was expedient to use, and fur-

ther reflection led to the conclusion that there was no good reason

why, within reasonable limits, rollers of uniform size should not

be used for all lengths of span, the variations being made in the

length and number of the rollers ; as a result of this, I worked

out a standard expansion bearing which I now use for all bridges

under which it seems expedient to place rollers. This expansion

bearing is given in Fig. 46. It consists of a rail plate similar to

those already described, except that the entire top surface is

planed off to a uniform level, without any guide strip ; under this

rail plate would be the usual iron casting, which, however, is not

shown on the plan.

The rollers are made twelve inches in diameter and placed six

inches between centers, these dimensions being kept constant for

all conditions. The section of the rollers has been slightly

changed; the sides near the top and bottom being kept paral-

lel, so that instead of shutting into each other, the rollers will

strike before turning over, while a hollow is left in each face

for working a brush.

Stud bolts screwed into the ends have been substituted for the

long rods passing through holes drilled the whole length of the

rollers. The side plates are held by these stud bolts, the lower

plate being made square and the upper plate with hook ends.

There is thus a double provision against tipping over, the shape

of the rollers and the hook plates. Above the rollers comes the

top bearing, which is a steel casting carrying the rocker plate

which carries the top plate. The lower side plates project below

the rollers, and the upper side plates ]iroject above the rollers, so

that they form guides to keep the rollers in line, taking the place

of the guide ribs used in the older bridges.

The bolster or the bottom chord is placed on the top plate, to

which it is bolted rigidly. A rocking motion is possible in any

direction, and the bearing may be depended on to distribute the

weight not only uniformly over the several rollers, but uniformly

over the length of each roller.

While not a necessary feature of the design, I have thought it

best to make the lengths of the rollers always of multiples of six

inches, so that with two rollers we should have practically a bear-
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ing twelve iuehes square, with three rollers a bearing eighteen

inches square, etc. I have used this bearing with four rollers

under each of the three spans of the new Wabash Kiver bridge

on the Ohio ct Mississippi Kailway. I am using it with ten rollers

under the 440 feet double-track spans across the Missouri River

at Bellefontaine Bluffs ; with six rollers under the 2 10 feet double-

track spans, and with nine rollers under the 360 feet double-track

STANDARD EXPANSION BEARING
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Fig. 46.

spans of the bridge across the Mississippi River at Alton, IlUnois
;

and with six rollers under the 330 feet single-track spans of the

bridge across the Missouri River at Leavenworth, Kansas.

It is possible that, instead of a square bearing plate with two

cylindrical surfaces of equal radii fray practice beiDg to make this

radius equal to the side of the plate), it would be better to use an

oblong plate with different radii at bottom and top, but the only

advantage of this would be that it would reduce the bending strain
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on the ^teel castings. Except for this I do not now think of any

desirable improvement.

It may be objected that this rocker plate arrangement, which

allows a motion in both directions, deprives the end post of a

bridge of the transverse rigidity which is due to the usual square

bearings. This objection is undoubtedly well taken, and the end

posts must either be made stiff enough to resist lateral strains

without the aid of square ends, or the two end posts should be

rigidly connected by a floor beam or cross frame at the bottom.

This latter I regard as the best practice, and think that it should

always be followed in all important structures. The rigid connec-

tion, however, ought not to be made until the entire structure is

completed and swung, so that the rocker plates have been free to

move, and so distribute the weights equally on the bearing below
;

after this has once occurred, irregularities of workmanship will be

so largely taken out that any subsequent motion will be too small

to be disturbed materially by the stiff connections above.

Contrary to my usual practice, I have patented this arrange-

ment, the patent being dated October 25, 1892. The patent, how-

ever, was taken more for purposes of protection than with the

expectation of deriving any revenue from it, and all bridge builders,

railroads, and other parties desiring to use this form of beariag

may have the privilege of doing so on the payment of a very small

royalty.

The American practice has generally been to make the permis-

sible weight per lineal inch, of the roller proportional to the square

root of the diameter of the roller. A common provision in speci-

fications limits the weight in pounds to 500 Vd, d being the

diameter of the roller. This rule is based on the theory that there

is a permissible limit of indentation, which the roller may be

allowed to make in the rolling surface, which permissible indenta-

tion is supposed not to exceed the elastic limit. If the versed

sine of the indentation is constant, the chord of the same indenta-

tion will vary as the square root of the radius of the circle ; and

as the permissible weight is supposed to be a constant of the chord

of indentation, which chord varies as the square root of the radius

or diameter, the strain is determined accordingly.

While mathematically correct, this rule seems to me based on

an incorrect conception of the function of rollers. There is no

special reason why the strains either on the surface of the rollers
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or on the bearing surface should be kept within the elastic limit;

ou the other hand, it would be better to have them exceed the

elastic limit, if the result of such excess was to reduce the surfaces

both of the rollers and the bearing jilates to the condition of the

surface of cold rolled iron. The only necessary limit is that the

elastic limit must not be so greatl}' exceeded that the metal under

the surface will flow, and the roller become permanently deformed,

as has occurred iu couicol roller beariugs under turn-table centers.

On the other hand, the same absolute indentation which would

lock a small roller so that it would lie stationary in a groove

might do little harm to a large roller. If we assume the roller to

be set iu a groove, we have forces applied on a bent lever teuding

to lift that roller out of the groove, the vertical arm of the bent

lever being the radius of the roller, and the horizontal arm half

the width of the groove. So long as the width and depth of the

gi'oove are kept proportionate to the radius or diameter of the

roller, the force required to roll the roller out of the groove will be

constant. In other words, the formula which will maintain for

all sizes of rollers a constant freedom of motion, would make the

strains on those rollers proportional to their diameters.

In Germany this rule has been followed, and while there has

been a considerable variation in the unit strain allowed, the fact

has been accepted that the weight placed on a roller should vary

directly as the diameter of the roller.

The American rule is not only incorrect in principle but vicious

iu its results. It encourages small instead of large rollers, a twelve-

inch roller, for example, being allowed to carry only twice the

weight that would be put on a three-inch roller, so that the smaller

the diameter of the rollers the greater the weight which would be

permitted on the same area of bearing surface.

In proportioning expansion rollers, I have adopted a somewhat
arbitrary basis, accepting 500 Vd as correct for a four-inch roller,

thus making the weight permissible per lineal inch 1,000 lbs. for a

roller four inches in diameter. Instead of varying the weight

with the square root, I vary it with the diameter ; this makes the

permissible weight 250 lbs. per lineal inch on a one-inch roller,

and 3,000 lbs. per lineal inch on a twelve-inch roller. The table of

weights allowed on bearings of different sizes, which is shown
with Fig. 46, has been calculated on this basis.

Herewith is appended an illustration (Fig. 72) showing these

bearings.
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DISCUSSION.

J/>-. Gus. C. Hennuuf.—As the paper under discussion is one

of great importance, I desire to supplement it by a few facts

which have come to my notice while observing bridges in opera-

tion. It is not generally recognized how much motion there

may be at the free end of a bridge span, and how incessant this

motion is.

Motion at the roller end of a single-track bridge span, which

is the simplest for present consideration, may be caused by the

following :

1. Expansion due to temperature
,

2. Expansion due to passing load

;

3. Lateral flexure due to wind pressure
;

•it. Lateral flexure due to change of position of sun, or to

clouds
;

5. Deflection of masonry (or metal) towers due to thrust of an

ajjproaching train, ice pressure, or an oblique water current.

Each and all of these produce measurable changes of position

of the rolJer-beariugs with reference to the top of piers, and

hence cause or tend to cause motion at one or both ends of a

span, which may have very serious effects on the stability of the

bridge, and permanency of masonry or joints of a metal tower, if

proper provision has not been made to avoid its sometimes dan-

gerous effects.

Temperature changes cause regular determinate elongations

which are steady.

Passing loads produce not only a determinate elongation, but

a strongly marked A'ibration, which depends largely upon speed

of moving load or imj)act of driving wheels, both vertically and
laterally. This is partly due to unbalanced condition of drivers

and running gear, but mainly due to irregularity of alignment

of track and consequent lateral impact.

Lateral deflection due to wind pressure is of very great im-

portance in long spans, causing a marked difference in length of

span, and also a difference in length between the two bottom
chords of a long span, hence causing motion at the free end of

a span, and skewing the ends. When a bridge is located so

that its axis lies in a direction more or less nearly north and
south, the passage of the sun from East in morning to West in
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afternoon produces a marked difference in length between op-

posite chords, which causes an alternate skewing of ends of

spans, which is relieved by the passage of a heavy cloud, if it

takes but five minutes. Such a small interval of time in sum-
mer weather allows a sufficient equalization of temperatures

in a metal span, on account of rapid radiation, to allow it to

return to its normal shape, causing motion at the roller end.

As the greater number of large American bridges have heavy

grades on approaches at either end, with the longest spans in

the center, tlie rapid approach of a train, necessary to carry it

over the grade, produces a very marked thrust on the towers in

the direction of motion of a train. This thrust causes a meas-

urable deflection of masonry piers when they are of the usual

American dimensions, and about 100 feet above mean high water

and 50 feet below, as is the case in Ohio, Missouri, Mississippi,

Hudson Eiver, and other bridges. This deflection is not at all

injurious to the masonry when properly built and bonded, but is

merely an elastic flexure of the pier, considered as a beam fixed

at one end and loaded at the other. This bending is caused

even when all the spans rest on roller bearings at one end, and

may be transmitted through spans for a long distance, on

account of the frictional resistance between rollers and bear-

ings

It will be self-evident that ice pressure, either when gorged

or running, may be a very powerful factor in bending masonry

piers, even to a horizontal position ; but the mere force of water

pressure of a rapidly flowing swollen stream, when cross currents

are produced by any reason whatever, causes considerable mo-

tion of the piers under a movable end of a bridge span.

From the foregoing it will be seen that ample provision for

motion of one or both ends of bridge spans is very necessary,

and that altogether too little attention has been paid to this

point in bridge construction.

A bridge is always in motion when stresses are normal, but

when constrained by rigidity of ends, abnormal strains are pro-

duced in the truss or else in the pier supporting it, either of

which should be prevented, if possible.

In the case of the Henderson Bridge over the Ohio, at Hen-

derson, Ky., I have noticed that changes due to all of these

causes occurred during several months of observations, and I

give their magnitudes below. In this bridge, located nearly
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north and south, there were two 250-foot spans at the south end,

then a 525-foot main channel span ; then six 250-foot spans at

the north end, all on a 75-feet-per-mile grade except the 525-

foot span, which was horizontal.

All of the spans were provided with expansion bearings at

the up-hill end, and the 525-foot span at its north end, and

these consisted of bolsters, with wrought-iron or steel base-

plates resting on steel rollers, running on cast-iron pedestals.

The nests of rollers were all guided, so that they could not

change their positions relatively, ^nd as a matter of fact the

expansion bearings all moved under the action of disturbing

influences.

An extended series of observations was made during July,

August, and September, 1885, and measurements made of all

motions occurring at the roller eud of the 525-foot span, and the

adjoining 250-foot span having its expansion bearing also ad-

joining.

1. It was found that the 525-foot span, as well as the others,

were true metallic thermometers, in that they expanded and
contracted uniformly with changes of temperature, provided no

external influences coexisted to counteract the efi^ect of tempera-

ture or vitiate observations. Of course, all observations were

made on top of one pier, 100 feet (about) above mean high

water, considering the same as a fixed and immovable platform.

2. A passing load invariably produced marked vibrations and
gradual uniform extension of both expansion bearings, and
amounted to y% i^ch when a loaded freight train covered the

entire span ; the vibrations caused rapid and constant changes

of length of about ^ inch as a maximum, when the engine had
passed about 35 feet beyond the center of span ; but the vibra-

tions of that span continued until the train had entirely left the

span.

3. Lateral flexure, due to wind pressure, often caused the

windward truss to be " bowed " several inches, while the leeward

truss went with it ; the whole effect was to advance one roller-

bearing beyond the other, sometimes as much as ^ inch, while

the entire motion was about f\ inch in the case of a moderate
cyclonic storm. Vibration was, however, almost absent in such

case.

4. Change of position of sun caused a marked skewing of the

expansion-end of the 525-foot span of more than 1 inch. In the
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morning the sun rising in tlie East would expand the north

truss considerably more than the south truss, which would ad-

vance the north roller-end more than
i-
inch beyond the position

of the south roller-end, both advancing due to the general rise

of temperature of the surrounding air as the sun rose higher.

When, at noon, the sun stood in the zenith, the ends of the trusses

would again stand even ; but as the sun traveled toward the

West, the reverse motion would take place, and the south truss

would elongate more than the other, and the reverse skewing

would occur, but to a lesser extent. Both ends would be mov-

ing all the time. The passage of a cumulus cloud, however,

would have a marked effect, causing almost immediate contrac-

tion of the entire span, and would sometimes return both the

roller-ends to their normal condition and position. The radia-

tion from a metal structure is so rapid under the influence of a

breeze, that a very short time sufl&ces to equalize temperatures.

It must be borne in mind that changes of length of bottom chord

produce motion of expansion bearings, while those of top chord

do not, but merely cause minute changes in angular position of

end-posts.

5. The most surprising and sudden cause of motion at the ex-

pansion bearings was, however, the impact of a rapidly approach-

ing train on the heavy grade on the north end of the structure.

As this grade was 1,800 feet long and over, the engine-drivers were

in the habit of " running for it," /. e., giving the engine a full head

of steam and acquiring considerable momentum before striking

the grade ; as the engines then in use were too light to handle

the heavy loads easily which they were called upon to draw.

When the engine struck the fourth span from the point of obser-

vation at the roller-end of the 5'25-foot span, or 1,000 feet distant,

the four spans, piers and all, would be pushed more than j'',;- inch

in the direction of the motion of the train, and this in spite of the

fact that all of these spans were resting on rollers. As the train

approached the horizontal span at the point of observation, the

pier on which the observations were made would gradually settle

back into its vertical position, so ihat as the engine passed the

point of observation, the position of the expansion-end on its pier

showed that normal conditions again existed. It will not be

necessary to explain the action of ice pressure or effect of a cur-

rent of water, as these are self-evident, and I had no opportunity

of measuring their effect.
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The expansion bearing described in the paper, and patented

bv Mr. Morison, is no doubt the best one that has ever been de-

signed for the purpose of relieving bridge trusses and piers from

abnormal strains, aud it seems reasonable to go to any expense

in order to arrive at so desirable a result. If other bridge

details were designed with equal care, much better structures

would, as a rule, result, and at least some accidents be avoided.

As an evidence of the failure to do this, I will select a remark

on page 166 of the paper, where the author prefers to use a some-

times objectionable feature instead of using the correct method,

which he indicates at" the same time. He calls attention to the

looseness of the lower end or foot of the end-post, which de-

prives the end-post of transverse rigidity, which is due to the

usual square bearings, and points out that the proper remedy is

increased stiffness in the end-post itself ; but immediately recom-

mends his preference " of riveting a floor-beam or cross-frame

between end-posts," which may produce flexure in the side webs

of the end-posts, and hence are objectionable. The end-posts

should, of course, be amply stiffened by portal-struts or bracing,

aud should also be strongly connected with each other, or

anchored at their bases ; but undoubtedly the proper way of de-

signing the lower end of an end-post is to make it sufficiently

stifl' laterally to obviate any possibility of lateral flexure due to

any strains that may occur.

The device shown will, no doubt, give all the necessary initial

adjustment, and also allow for all possible kind and amount of

motion due to the causes mentioned, without producing unde-

sirable strains, or wear and tear. With this construction there

never will be any sticking of ends. Hollers and surfaces can be

well oiled, cleaned, if necessary, kept free from flying sand

—

which is such a serious trouble along the Missouri—and the

nest is open to inspection at all times. Moreover, the materials

selected are such as will make the coefficient of friction the

smallest possible. Ice, and snow as well, will have no effect on

the action of this bearing, as they will be forced laterally into

the spaces. In the use of the maximum lineal pressure allow-

able on these rollers, Mr. Morison has also advanced a long step

in the right direction to assure free motion of the expansion-

end ; the pressures shown in the table in Fig. 46 give very low

pressures, and make sure that the rollers will indent neither

upper bearing plates nor lower rail plate, and makes ample pro-
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vision against flattening of rollers, which has occurred in many
well-known bridges.

In the case of the Henderson Bridge, the materials and pro-

portions were such that the expansion bearings were very

mobile, but it is a question whether corrosion in course of time

will not interfere with it materially.

There is, however, one slight defect, it appears to me, in the

design of this expansion bearing ; it is the small dimensions

anc], consequent high bearing pressures on the rocker plate.

Examination of the dimensions and loads given shows that a

bearing pressure of 8,500 lbs. per square inch of surface has

been allowed in the design of the supposed rocking surfaces.

Such very high pressure will force all lubricants from between

these surfaces, and will make the surfaces stick together with-

out any iwssibility of motion between them, as the rolling disks

would be compressed 0.00112 inches, while they would be forced

into the upper and lower rocker plates, as cast is more compres-

sible than wrought steel. Moreover, this calculation is based

on the assumption that the cast-steel rocker plates are solid,

while the drawings show large core-holes (page 165 ) directly

under the center of rocking disks, which make that central part

of the bearing surfaces yielding, and thus increase the press-

ure per square inch on the remainder of the bearings.

If these rocker bearings came into play only so long as a

partial load is on them, this might not be an important matter

;

but as these bearings find their principal use or raison (Vefre

during adjustment of portal braces and top lateral system

—

which is properly done only after completion of span as far

as regards distribution of all dead loads which will come on

the structure—the bearings must be easily movable under the

total load of span, and I doubt very much that they will,

when designed with dimensions as given, be in that condition.

This criticism does not in any manner affect the advisability

of using such a design, as such a small matter can easily be

changed.

Some notable examples of lack of provision for motion at one

end of a span are in existence at the present day, and as such I

wish to enumerate the old Louisville, called the Fink, Bridge,

in which the main-channel spans gradually crept up-hill about

seven inches, until it became necessary to draw them back into a

reasonable position. There then was a possibility of the struct-
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ure drawing itself off its bearings and being precipitated into

the river below.

The old Cincinnati Bridge, built by the Keystone Bridge Com-
pany, is another case in which the rollers and their bearing

plates are commonly reported to be corroded fast, preventing all

possibility of motion. There is an endless number of smaller

bridges which I have seen in which there never was any motion,

and in which the rollers are firmly bedded in a mass of dirt

and rust, so that the spans are rigidly anchored, causing crack-

ing of the pointed masonry joints and expense and attention,

which would all be avoided if one end were free to move.

I should like to speak about one point which Mr. Morison

brought up in his presentation of his paper, and that is, the

unnecessary precaution of limiting the intensity of the load

upon the rollers within the elastic limit. If the rollers were

originally of cold-rolled steel, then I think his remarks are

perfectly correct, that it would be less likely to be compressed

or injured by rolling ; but, inasmuch as these were rolling under

the working of the bridge, which would cause a flattening of the

roller just where that cold rolling occurs, and only there, I

think that would be just the effect we want to avoid. If the

material is not cold rolled, and then the excess load that comes

on it Avere beyond the elastic limit, then it would be cold rolled

to that point, and we would have the same trouble which has

arisen in so many bridges.

3Ir. George S. 3Iorison.^—There are two points in Mr. Hen-
ning's discussion about which something may be said. The
first of these relates to the method of stiffening the end-posts

to overcome the loss of stiffness due to the round bearing at

the bottom, and the second relates to the pressure per square

inch on the rocker plate.

As regards the first point, the reason for making the stiff

connection between the end-posts and the floor-beam is not only

to make up for the loss of stiffness due to the round bearing at

the bottom, but also—what I consider an important thing in all

bridge designs—to make the superstructure as nearly as possi-

ble a single beam. I consider it very important not only to

provide against all strains due to weight and to wind pressure,

but to overcome the various vibrations, which refined mathe-

* Anthor's Closure, under the Rules.
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matical investigation may ultimately explain, but wliicli are now
very imperfectly understood. In other words, stiffness as well

as strength must be provided for. The practice of riveting floor-

beams to vertical posts was at first objected to on account of the

strains produced in the posts by the deflection of the floor-

beam ; these strains undoubtedly exist, but the good effect of

the stiff connection is greater than the harm done by these

strains, and this detail is now very generally used. On precisely

the same principle, I prefer to connect the inclined end-posts

with the floor-beams and give the end panel of the bridge all

possible transverse stiffness, and for this reason I prefer to use

a detail which may be theoretically somewhat incorrect.

The other point relates to the pressure on the rocker plate,

which is admitted to be too great for the preservation of lubri-

cants. In bridges which are under constant care it might be

well to increase the size of this bearing and provide for lubrica-

tion. In bridges which receive only average care, the lubricating

would certainly be omitted, and the cylindrical surfaces would

be so large as to diminish the leverage and thereby increase the

friction. I have, therefore, thought it best to adopt a compara-

tively small size and admit a comparatively large pressure, this

pressure being about one-half that permitted on the pins in a

steel bridge. When the bridge is erected, the rocker plate

should be carefully packed in oil, and this oil will permit of the

necessary movement required until all parts are brought to a

bearing ; this is as much as will ordinarily be found necessary.

In bridges of exceptional character special provision must

always be made which this detail does not provide for. It

might be expedient to substitute spherical surfaces for the

cylindrical surfaces of the rocker plate—this would permit the

rotary motion, which must exist when one chord expands faster

than the other ; spherical surfaces, however, are very much
more difficult to make than cylindrical surfaces, and this rotary

motion is generally so slight that it is safe to omit any special

provision for it. There are possible conditions in which a pro-

vision for expansion in the direction of the length of the bridge

is not enough, and the theoretically perfect arraugement would

make one only of the four bearings stationary, and ])lace the

rollers of the other three on radial Hues centering at this single

fixed bearing ; fortunately, ordinary bridges are not of such

dimensions as to make this provision necessary.
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DLXVII.*

THE ''BUCKEYE" VALVE-GEAR.

BY ALBERT K. MANSKIEI.U, SALEM, OHIO.

(Member of the Society.)

The so-called Buckeye engine first came prominently before

the steam-using public at the World's Exposition at Phila-

delphia, and it was just previous to that time that the design of

the engine and its valve-gear had been introduced by Mr. J. W.
Thompson. Perhaps the most comprehensive explanation of

its valve-gear is that contained in Modern Steam-Engines, by
Joshua Rose, member of this society ; and, although not much
may be added to what is therein contained, yet the subject is so

susceptible to analysis, that it may not be out of place to bring

the matter before this society in a more extended form than may
be done in a popular writing like that referred to.

Fig. 47 is a diagram representing the method of operating the

valve. The compound rocker arm A, is the feature of this

combination deserving special notice. Its exceeding ingenuity

places it very high among recent improvements in steam-

engines.

The main rocker he carries, pivoted at or near its midway
point d, the ciit-off rocker cdf. It follows that the eccentric

h of constant eccentricity (that is, which has an adjustment

about the shaft, not across it) produces a constant travel of the

cut-off valve on the main valve, no matter what the point of

cut-off may be. This is not difficult to understand from the

figure, and is probably very generally understood.

Fig. 48 is a section through main and cut-off valves and cylin-

der, and Figs. 49 and 50 are a pair of Zeuner diagrams of the main
valve movement, differing from each other, in that the first refers

to an engine of short stroke fhigh speed), having a relatively

large per cent of clearance space, while the second is of a long

stroke (slow speed) engine having small per cent, of clearance.

Presented at the New York Meeting (December, 1893) of the American
Society of Mechanical Engineers, and forming part of Volume XV. of the Trans-

actions.

12
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The accouipauyiug sectioual view corresponds to the first of the

two diagrams.

I

These diagrams do not differ from those of any other simple

valve movement produced by fixed eccentric, except in the

matter of the eccentric following the crank, instead of leading
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it. Tliis is due to the hollow shape of the valve, which permits

the steam port to be opened to the cylinder by an opposite

movement to that which is usual.
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It will be observed that the point of release, or exhaust

opening, is rather late in the short stroke diagram. This

could be improved by increasing the valve travel and the

angular advance, but in so doing the main valve does not

remain open as long, and therefore the maximum possible

power of the engine is decreased. It is found best to com-

promise these matters in engines having large per cent, of

clearance. No such compromise is necessary in the longer

stroke engines.

Fig. 51 is a Zeuner diagram of the cut-off valve movement.

The heavy circles correspond to one-fourth cut-off, and the four

lighter circles to earliest and latest points of cut-off. The
range of the governor is usually such that the lin« AB of

earliest cut-off is 50° from line CD on one side, and line EF
of latest cut-off is 50° on the other side ; or, in other words, the

range of automatic action of the cut-off eccentric is usually

100°. The cut-off rocker arm, being a lever of the first order,

reverses the valve movement from that of the eccentric. The
eccentric is therefore 180° away from the position which the

diagram would appear to require.

It will be observed that the position of cut-off eccentric cor-

responding to one-fourth cut-off is about at right angles to that

of the main eccentric. It follows that when cutting off at about

one-fourth, at the moment of cut-off the main valve is standing

still and the cut-off valve is moving at its maximum speed.

The amount of opening 3f3I (Fig. 48) of the cut-off valve,

when in its mid position relative to the main valve, may be called

the negative lap of cut-off valve. The sum of these negative

laps is usually made about the same as the width of the main

valve port, for since at its middle ])osition the cut-off valve

moves at its maximum velocity ; therefore it would be clear

that the act of sweeping across the main valve port is done in

the least possible time by this adjustment.

Owing to the influence of angularity of the main connecting

rod, the negative laps are unequal when cut-offs are adjusted to

be alike at both ends of cylinder. It is usual in simple engines

to adjust cut-offs at one quarter stroke which corresponds to the

normal load.

The method of determining the actual negative laps for each

end of the cut-off valve, under the condition named, is indicated

in the diagram, and will l)o clear enough to those who are famil-
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iar -with the Zeuuer diagram. A discussion of the ordinary

features of that method of studying the valve movement will be

omitted here, it is so completely available elsewhere.

By deriving from the Zeuner diagrams rectangular coordinates

to represent the amount of opening of the valve port for differ-

ent positions of the piston, we form the well-known ellipses of

motion as shown in Fig. 52. The shaded portions of this figure

give a graphical representation of the variation of this opening

Fig. 52.

as derived from the first part of Fig. 49 and from Fig. 51 when
cutting off at one-fourth. These shaded portions ABC will be

seen to be bounded by short portions of the main valve ellipses

and of the cut-off valve ellipses, intersecting each other. The

area of the shaded figures is a measure of the efiiciency of the

valve opening to deliver steam to the cylinder when cutting off

at one-fourth. It is clear that by increasing the valve travel, and
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thereby the diagram" of the valve movement, this area may be

increased. Other methods of increasing the area are, however,

available.

Fig. 53 illustrates in the shaded portion the opening and
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closing of the exhaust port, as derived from Fig. A A. It will

not need further explanation to those familiar with the ellipses

of valve motion.

Fig. 54. illustrates a method of applying a double-port action

to the cut-off valve, devised by Mr. C. W. Barnaby, and which

has been extensively used on Buckeye engines. If the travel of

this double-port valve remains the same as that of the simple

cut-off valve shown in Fig. 48, then the vertical distances from

base line to curve I^C of Fig. 52 become twice as great as be-

fore, which changes this curve to the curve CD, thus increasing

the area of the figure by about forty per cent. The efficiency

of admission is probably not improved by quite this percentage,

owing to the somewhat tortuous passage for a j)art of the steam.
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Fig. 55 illustrates a method of double-porting the main valve

and quadruple-porting the cut-off. By this method if the main

valve travel is three-quarters that of a single ported main valve,

Fig. 54.

then the vertical distances to main valve curve in Fig. 52 be-

come oO'^ greater than before ; and if the cut-off valve travel

is three-fourths as much as in the case of a simple cut-off

valve, then the vertical distances to cut-off curve become three
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times as great as before. Curves AFGC, to fuli&l these condi-

tions, are drawn in the lower right-hand part of Fig. 52, and

the figure therein contained is found to have eightj-six jDer cent.

more area than the shaded figure. This area is taken to the

line FG only, which is drawn at a distance from the base line of

the figure equal to the assumed sum of the two main valve ports.

By this device the efficiency of steam admission is increased

by eiglity-six per cent, less whatever is lost by wire drawing

through the multi-ports.

There may be some question as to whether the desired object
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is best gained by multi-porting in this way or by increasing the

travel of the simple valves to such an extent as to gain the re-

qiiired £vrea of the figure ABC (Fig- 52). On the one hand an

increased travel of valve causes an increase of inertia to be over-

Si>ring. so
-I \ 1 (_-J 1 L.

Spring = 30

come in starting the valve at each end of its stroke, also to an

increase in the size of eccentrics. On the other hand, multi-

porting the main valve, while decreasing the inertia owing to the

decreased travel, increases the cylinder clearance, and makes the

parts of the engines somewhat more diflficult to produce.
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The answer to the question which experience points out is,

that for smaller engines the simple construction with liberal

travel is best, while for large engines the multi-ported construc-

tion may be preferred ; especially is this the case with the large

cylinders of large multiple cylinder engines. An example of

this application was shown in the low-pressure side of the cross-

compound condensing Buckeye Engine exhibited at the Colum-

bian Exposition. Fig. 56 shows a pair of cards from this

engine.

Fig. 57 shows an adaptation of piston valves to a Buckeye

engine. In this arrangement the valve movements are the same
relative to each other, and made by the same mechanism as in

the case of ordinary Buckeye valves.

Most of the objections which have been urged against piston

valves are overcome in this application. The travel of both

main and cut-off valves being constant in extent on their seats,

the wear is uniform ; therefore the valves remain steam tight,

where in the case of variable travel this is impossible. Pack-

ing rin^s are easily applied, as shown, at all points where leak-

age could occur. Only the end surfaces of the main valve are

exposed to the current of exhaust steam. The valves are light

in weight, and, being relieved almost entirely from steam pres-

sure, the extent of valve travel may be increased without detri-

ment, making it unnecessary to multi-port.

This construction seems from experience to be especially

desirable in high-pressure cylinders of large multiple-cylinder

engines, where high steam pressures are used. Such an appli-

cation was made with success .in the large triple expansion

Buckeye engine at the Columbian Exposition. A set of cards

from this engine is shown by Fig. 5"^, which, while tliey do not

correspond to the best economy of the engine, owing to lack of

sufficient load, which had not been available up to this writing,

yet they serve very well to illustrate the distribution of steam.

A few indicator diagrams from examples of Buckeye engines

are given on pages 196 and 197 to illustrate the capacity of this

valve-gear to meet the requirements of various kinds of service.

These diagrams are exact reproductions of actual indicator dia-

grams taken from engines in service. Data relating to the en-

gines are marked on the diagrams, so tliat further comment will

be unnecessary.

The fact need not be disguised that all indicator cards from
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this or any other type of engines are not equal to the best. This

may be often accounted for by the fact that steam is not properly

delivered to the engine from the boiler.

Long, tortuous, and contracted steam-pipes not only injure the

shape of the diagram, but even reduce, sometimes to a great ex-

tent, the maximum power of the engine as well as its economy.

s-

TRIPLE EXPANSION ENGINE
Cylinders 20,"32^"& 2-36"x .48" Stroke — 88 Revolutions.

Fig. 58.

It is no doubt in most cases economical to use steam-pipes

of large capacity, to discard altogether ordinary cast elbows,

employing only bent pipes of large radius, and to appl}'- a

receiver of ample capacity near the engine, all being thoroughly

protected from radiation by the best known api^liances.

The very rapid increase in the use of compound engines makes
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it desirable, in discussing auy valve-gear, to explain its manner

of application to sucli engines. In tandem compounds of Buck-

eye construction, motion is imparted to the valves of the out-

board cylinder b}- a very simple device, illustrated by Fig. 60.

The main valve of the first cylinder has a hollow stem on its

h
Spring =^ 10 Spring = 10

outer end, which, projecting through the cylinder, is clamped to

the hollow stem of the main valve of the second cylinder ; the

clamp connecting these stems is made in two parts, bolted

together in such way as to produce universal adjustment.

One part of this double clamp carries a bearing in which
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recij)rocates a sliaft, carrying at each end au adjustable arm ; each
arm is attached at its outer end to the cut-off valve stem of the

cylinder adjacent to it. In this way one set of cut-off valves is

..ClimI. X..U- Co.N'.T.

Fig. 62.

made a means of operating the other set without the use of com-

plicated valve mechanism ; and stuffing boxes surrounding all

stems are easily accessible.

From Assistant Valve Mover -I'x 3%" on 13"& 22'a":s. is" Engine

225 Revolutions.

Fio. 63.

In Fig. 61 is shown the double clamp arrangement of Fig. 60,

with the addition of another device called an " assistant valve-

mover." This consists of a small steam-cylinder and piston tak-

ing' hold of the valve-gear to assist the eccentric in the movement
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of the valves. In compouud engines of tandem construction and

of large power the inertia of starting the valves and valve-gear

at the beginning of each stroke is a considerable quantity, and

Exhanst !

Fig. 64.

imposes a severe duty on the eccentric. This is the case what-

ever the kind of valves may be which are used in the engine.
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The theory of the action of this cylinder may be illustrated

as follows : Let ahcde (Fig. 62) represent the well-known dia-

gram of inertia of reciprocating parts (valves and valve-gear),

CARDS FROM BUCKEYE ENGINES.

6ti X 10 Engine — 338 Revolutions.

Fig. 65.

and let the rectangle hdfg represent the diagram of friction of

valves and gear on the assumption that this friction is constant,

which it probably is not, but may be nearly enough for the

present purpose.

Continuou.s Card

2CK X SO Ueavcf Falls, Va.. Rolling Mill.

Fig. 60.

A combination of these diagrams leads to a complete diagram

acefg.

Now an indicator card may be drawn, as sliown by the dotted
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lines, which approximates to this diagram, and the assistant

cylinder is designed to so use the steam as to produce approxi-

mately this card. An actual card from such a cylinder is

shown in Fig. 03. The cut-off is arranged to be constant and

Spring

at about one-quarter stroke. The construction of valves and

ports of this cylinder is shown by Fig. 64. It will be seen in

Fig. 63 that the back-pressure line is such that the resultant

pressure at and near the end of the stroke is a back pressure

;

this is thought to be best in the case of so high speed an

engine as that from which the cards were taken. For the maxi-
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mum inertia of the parts in such an engine is so much greater

than the retarding friction, that (referring to Fig. 62) the line ae

woukl run below the line fg at point e. making a back pres-

sure at this point desirable. In slower running engines a slight

change in adjustment does away with this back pressure.

DISCUSSION.

Mr. George I. ItocTnoood.—I would like to ask the gentleman

one question, with reference to the statement made on page 188,

just after the description of Fig. 57 :
" Most of the objections

which have been urged against piston valves are overcome in

this application. The travel of both main and cut-off valves

being constant in extent on their seats, the wear is uniform."

I recall reading a lengthy description of the Buckeye Engine

Company's exhibit at the World's Fair, written by the special

commissioner of The Engineer, London, in the course of which

this claim on the part of the Buckeye Engine Company, namely,

the uniformity in extent of the travel of the cut-off valve on its

seat, was controverted.

A diagram of the eccentric movements showed in what

appeared to me at the time to be a plain enough demonstration,

that this claim was incorrect. I would like to ask the gentle-

man to furnish proof of his statement.

Mr. J. F. Holloway.—While I will not undertake to describe in

full the valve gear of the Buckeye Engine, I may say that the

eccentricity of the eccentric which operates the valves in these

engines is constant, and the travel of the valves in reference to

each must also be the same. It is not like valves operated by a

link motion, in which the throw of the valve varies as the link is

moved up or down. The fact that steam can be cut off earlier

or later in the stroke, is due to the fact that the eccentricity of

the eccentric is revolved, more or less, around the shaft, the

valves being moved by a rigid mechanism ; in other words, it is

the position of the valves with reference to the position of the

piston, that controls the cutting off of the steam and the rate of

the expansion.

It is true that while in some positions of the eccentric the

cut-off valve will not make a full stroke with reference to any

fixed object, it always does so in connection with the main valve
;

for while the travel of the cut-off valve may be shortened, the
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movement of the main valve in an opposite direction will always

be enough, when added to that of the cut-off valve, to make the

total travel of the two valves equal to a constant maximum
travel.

J//-. Wilhmyi Kent.—I would suggest that this rather compli-

cated valve gear should be explained by a model. If the gentle-

man could lind it convenient to make the Society a present of a

model to illustrate this paper, it would be quite a good thing.

Mr. Jfans/fekL—That is a very apposite suggestion. We
made a working model for the Exposition at Chicago which a

gi'eat many of the members must have seen. I hope all did.

It was a small engine made sectionally, liorizontally, showing

these facts that we are discussing completely. Now, since that

time, there have been so many requests for that model from

educational institutions and from societies of engine-men, etc.,

fi'om all over the country, that we have finally determined to

make some models, which shall be reproductions in fact of the

engine—not models of the valve movement alone—with the

cylinder and valves cut sectionally, horizontally, in order to

show just what this paper states ; and I believe I can say, with-

out hesitation, that the Buckeye Engine Company will accept the

invitation conveyed by the gentleman's suggestion, if it is agree-

able to this Society.

Mr. EckJey B. Coxe.—As I understand the Buckeye valve gear,

the cut-off valve moves a certain distance, just as the piston

moves in the cylinder ; the only difference is that in the case of

the cylinder the latter stands still, whereas in the valve gear

both parts are moving. The relative motion between the cut-

off and the other valve is the same as the motion would be if

the cylinder travelled on the piston. That which is made to

vary is the time at which it passes a certain point. The cut-off

valve starts from a certain point in the movable valve, goes to a

certain other point and returns, so that, of course, it must always

travel the same distance over the main valve.

Mr. F. H. Bfxll.—My understanding of this valve gear—(and

I would like to be corrected if I am wrong)—is that the motion

of the cut-off valve is introduced into the mechanism at a point

where it makes no difference what the motion of the main valve

is, or whether the main valve moves at all or not. This cut-off

valve travels through a certain distance and a uniform distance

relatively to the main valve, and therefore a certain distance by
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the port in the main A^alve under all circumstances. The ad-

vancing of the eccentric simply changes the time when cut-off is

effected, but does not change the speed at which it moves in

cutting off, nor does it change the distance that it travels on the

main valve. It would cut off exactly the same if the main valve

should stand still, or if the travel of the main valve should be

doubled.

Mr. W. 8. Rogers.—I would like to ask Mr. Mansfield how,

in his experience and practice, he finds the wear of this slide

valve in service comparing with the piston valve ? Does he not

find leakage in the piston valve overcoming its value ? I would

like to have any information on this point he can give us.

Mr. James Hartness.—As I understand the matter, this cut-off

eccentric has a fixed eccentricity to the main eccentric. Is that

right ?

Mr. Mansfield.—The cut-off eccentric has a fixed eccentricity

to the main shaft, on which it is mounted. This is intended to

be shown by Fig. 47. The interesting fact is, however, that

Fig. G8.

through the combination with the compound rocker-arm, the

cut-off eccentric has virtually a fixed eccentricity to the main

eccentric.

To illustrate this point, and at the same time to submit the

proof asked for by Mr. Eockwood :

In Fig. 68 let ho represent the eccentricity of a main or fixed

eccentric operating the main valve, and let eh represent the

eccentricity of a governing eccentric operating the cut-off valve,
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aud so arranged that it is rotatively adjustable about the point

b by means of the governor. Then, as will be shown, if connec-

tions to the valves be made directly from the points e and /;,

equivalent movements of the valves will be produced to those

made by means of the rocker-arms and eccentrics of Fig. 47, and

these movements will result in a uniform travel of the cut-off

valve on the main valve, to whatever extent the point of cut-

off may be varied.

In Fig. 60 let h and c again represent the centers of the eccen-

trics, rotative respectively about the centers b and o (o being tlie

m
Fig. 69.

^

center of the shaft), and connected to their respective valves

Fand v.

First assume that the eccentric b stands still in the position

shown, and that e is rotated about b. Clearly the travel of the

cut-off valve on the main valve will be that due to its eccentric,

and the case assumed is the common case of a valve driven by a

fixed eccentric.

Suppose the eccentric b to be moved to any other position of its

path and there fixed. Now rotate the eccentric e again about

b ; the action is the same as before—the cut-off valve travels

the same distance on its seat and over the same path.

Now suppose e, fixed relative to b, and both to revolve about o.

It will be seen that during each revolution of b about o, e makes
a revolution about b, or relative to b / therefore the fact that b

revolves, does not alter the extent of travel or location of path

of valve V on its seat on valve V. Again, suppose e to be angu-

larly adjustable about b, as by means of the governor, and let it

be adjusted until the line be falls on bo. If be is equal in length

to bo, then e coincides with o, and the actual travel of the cut-off

valve becomes zero, yet its travel relative to the main valve is

not changed, for e still makes a virtual revolution about b for

each revolution of the fixed eccentric //.

To show that the result is exactly the same in the " Buckeye "

comVnnation, let us refer back to Fig. 47, in which g represents

the main eccentric, and h the cut-oft' eccentric. The connection
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of
(J

to its valve is practically the same as in Fig. 69, although

at an intermediate point of this connection the rocker-arm he is

introduced, fixed at the point e and actuated at h by the main

eccentric g.

Pivoted on the rocker-arm 6e, at about its middle point d, is

the secondary rocker cdf^ actuated at c by the eccentric h, of

fixed eccentricity to the main shaft, and connected at / to the

cut-off valve.

To prove that the cut-off valve travels equal distances, and on

the same path, on the main valve, Ave have only to prove this

relation between the points / and }>, for the valves are rigidly

connected to these points. For simplicity assume that the

throw of the eccentrics is the same, also that /<;/ = hd = <h = dr.

Next assume that h is adjusted about the shaft until it coincides

with g. Then cleaiiy the points h and c, Fig. 70, move with

equal velocity in the same direction at the same

fc<r o/(>*,
" time. Therefore, while h moves to />,, r moves

dV '^di an equal distance to c,, and d half as far to di.

^-Vij The point/ remains in its original place, with-

FiG 70 ^^^ movement. It is, however, as far to the

left of hi as it was before to the right of h. It

has, therefore, virtually moved relative to h, twice hj\ equal to cc,

equal to twice the eccentricity of the cut-off eccentric.

Suppose the point //, Fig. 47, to be adjusted to a position

opposite to 7, then the points h and c move with equal velocity

in opposite directions at the same time, and we have the case of

Fig. 71, in which c moves to c, while h moves

to h„ causing / to move a distance equal to

the sum of the travel of both valves, but in

its new position to be the same distance to

the right of />, as it was before to the left of

h, a distance equal to re ; therefore its path relative to h was

exactly the same as before.

If //, Fig. 47, has any other angular position r(3lative to (/, then

the points c and r_ Figs. 70 and 71, representing extremes of

movement, are not changed thereby, for the distance cc\ is the

distance due to the constant throw of the eccentric. From this

it follows that /V; f //^, must be constant, proving the constancy

of the cut-off travel on the main valve.

The angular adjustment of tlie eccentric by the governor

causes the j)oint / to cross h at different points in the travel of
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h, but always at the greatest velocity of /j since /crosses b when
c is in mid-travel.

The cut-off therefore takes place at different positions of the

main valve, but always eqnalh' sharp.

The cases of Figs. 70 and 71 are extreme cases not used in

practice, since the angular adjustment of the cut-off eccentric

never need be 180 degrees. Fig. 70 corresponds to a very late

cut-off occurring when the main valve has not only closed but

moved a distance equal to its lap after closure. Fig. 71 corre-

sponds to a very early cut-off occurring when the main valve is

in its mid-position and must move through its lap before

opening.

It will be noted that the cut-off eccentric follows the main in

Fig. 69, while it leads the main in Fig. 47. This is due in the

latter case to the reversal of movement caused by the lever yc?c,

otherwise the combinations are practically identicah

It should be added in behalf of the " Special Commissioner "

referred to by Mr. Eockwood, that the former has seen his error,

and withdrawn his denial of the constancy of travel on its seat

of the Buckeye cut-off valve.

In reply to Mr. Rogers, I have been experimenting in this

piston-valve matter during the last two years, and at first had

some question as to the result with reference to wear. But
experience has answered the question satisfactorily. The con-

stancy of travel of the valves seems to overcome all difficulties.

The flat valves also wear well, due in great measure to the same

cause. A constant travel seems to be a very important item in

an engine valve.
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DLXVIII.*

NOTES ON BELTING.

BY FRED. AV. TATLOB, PHILADELPHIA, PA.

(Member of the Society.)

INDEX TO NOTES ON BELTING, AND CONCLUSIONS TO BE DRAWN
FROM THE PAPER.

In using belting so as to obtain the greatest economy and

the most satisfactory results, the following rules should be.

observed :

Conclusions.

No,

1.

Oak tanned
and fulled
leather belts.

A double belt, having an
arc of contact of 180°,

will give an effective pull

on the face of a pulley

per inch of width of belt

of 35 lbs.

Or a different form of same
rule :

The number of square feet

of double belt passing
around a pulley per min-
ute required to transmit
one horse-power is I 80 sq. ft.

Or :

'

The number of lineal feet

of double belting 1 inch
wide passing around a
pulley per minute re-

quired to transmit one
horse-power is 950 ft.

Other types of

leather belts,

and 6 to 7 ply
rubber belts.

30 lbs.

90 sq. ft.

1,100 ft.

Refer to para-
graph No.

(81), (82),

(84), (85);

(22)&(26)
to (80).

Driving
power.

* Presented at the New York Meeting (December, 1898) of the American

Society of Mechanical Engineers, and forming part of Volume XV. of the I'rans-

actiona.



NOTES ON BELTING. 205

Conclusions.

No.

Or:
A double belt 6 inches
wide, rimuiug 4:,000 to

4,500feet per miuute, will

transmit

Oak tanned
and fulled
leather belts

30 H.R

Other types of

leather belts, Refer to para,
aud 6 to 7 ply graph No.
rubber belts.

25 H.R

No. Conclusions.

2. The belt speed for maximum economy]
should be from 4,000 to 4,500 feet per

J-

miuute.
J

3. The best distance from centre to centre (

of shafts is from 2o to 25 feet. \

4. The faces of pulleys should be about )

25'^ wider than their belts. \

5. When it is necessary to run night and
]

day through the week without stop-
j

ping, each important belt should bo
|

supplied with an idler pulley which
[

can be tightened upon it while run-
j

ning, in case of slip.
j

6. Idler pulleys work most satisfactorily

when located on the slack slide of the
belt about one-quarter way from the
driving pulley.

7. Belts are more durable and work more
satisfactorily made narrow and thick,

rather than wide and thin.

8. It is advisable to use double belts on
pulleys 12 inches diameter, or larger.

It is advisable to use triple belts on pul-
leys 20 inches diameter, or larger. [

It is advisable to use quadruple belts
on pulleys 30 inches diameter, or
larger.

9. As belts increase in width they should
|

also be made thicker. ["

10. The ends of the belt should be fastened
|

together by splicing and cementing,
[

lacing, wiring, or using ['

Refer to Paragraph No.

(87), (88\ (83) to

(87). Speed.

(1111 Centre to

centre.

(112). Face of pul-
leys.

(108). Idler pul-
leys.

(109). Idler loca-

tion.

instead of

hooks or clamps of any kind.

(95) to (103). Thick-
ness.

(103) and (95) to

(102). Minimum
diameter of pul-

ley for given
thickness.

(101) and (102). Ra-
tio of thickness
to width.

(104) to (107), (8).

Splice.
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No. Conclusions.

11. V- splice should be used on triple and
quadruple belts and when idlers are

used. Stepped splice, coated with
rubber and vulcanized in place, best
for rubber belts.

12. When practicable, belts should be tight-

ened by moving one pulley away from
the other. Countershafts should be
moiinted on frames, and raised in tight-

ening vertical and diagonal belts.

13.

14. When it is impracticable to accurately
weigh the tension of a belt in tighten-

ing it, it is safe to shorten a double
belt one-half inch for every 10 feet of

length, if it requires tightening, when
working, according to the ordinary
rules, under a total load of 111 lbs. per
inch of width and giving an effective

pull of 65 lbs. per inch of width. If

it works under a total load of 54 lbs.

and effective pull of 26 lbs., it is safe

to shorten the belt one inch for every
ten feet of length, Avhen it requires

tightening.

15. Belts should be cleaned and greased

every five to six months.

Belt clamps having spring balances be-
tween the two pairs of clamps should
be used for weighing the tension of

the belt accurately each time it is

tightened.

Refer to Paragraph No.

1(104) to (107).
Splice.

(110) and (9). Tight-

ening, best meth-
od.

(122) and (10), (11),

(74), and (68) to

(73). Spring bal-

ance belt clamps.

(122), (59), and (58).

Tightening.
Amount to cut

out.

(120) and (9).
Greasing.

16. Belts should be tightened and repaired ]

and cared for out of working hours by
|

one man as far as practicable, careful
|

inspection as to their condition being
made at regular intervals. J

17. Double leather belts will last well when
~

repeatedly tightened under a strain

(when at rest) of 71 lbs. per inch of

width, or 240 lbs. per sciuare inch sec-

tion. They will not maintain this

tension for any length of tim(>, how-
ever.

(124), (123) and
(15 \ (10). Gare
and inspection.

(121\ (46), (40).

Tension to which
belts can be
tightened.
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No.

IS.

Conclusions. Refer to Paragraph No.

are tightenedIf double leather belts

while at rest to 71 lbs. per inch of

width, and subjected to au additional

working load of 65 lbs. per inch of

width, their tension will fall in two
and one-half months so as to be, while

at rest, 33 lbs. per inch width, or 106

lbs. per square inch section
;

Their average tension during these two
and one-half months being 46 lbs. per
inch width, or 150 lbs. per square inch
section

;

Their average total load during these

two and one-half months being 111 lbs.

per inch width, or 358 lbs. per square
inch section.

These are the conditions under which
belts work when tightened according
to the ordinary rules.

(52), (53), (48) to

(55), (73), (77) to

(80). Fall in ten-

sion. Average
tension. Average
total load under
ordinary rule.

19. When double belts are first tightened to

71 lbs. per inch of width, and then sub-
jected to an additional working load of

26 lbs. per inch of width, their tension
falls in twenty-two months to 21 lbs.

per inch width, or 68 lbs. per square
inch section

;

The average tension during this time
being 28 lbs. per inch width, 90 lbs.

per square inch section ; and the
Average total load being 54 lbs. per
inch width, 174 lbs. per square inch
section.

These conditions are rather less severe
on belting than the rules which we
recommend as most economical.

(48) to (55), (73),

(77) to (80). Fall

in tension. Aver-
age tension.
Average total
load under more
economical load
rule.

20. The most economical average total load"
for double belting is 65 to 73 lbs. per
inch of width

—

i.e., 200 to 225 lbs. per
square inch section. This corresponds |-

to an effective pulling power of 30 lbs

per inch of width, and with rules No
1, given above.

(80) and (84) to (86).

(72) to (75), (77),

(78), (79). Most
economical total

load.
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(40). See foot-
notes. (63), (64),

(54), and (50).
Life of belting.

No. Conclusions. Refer to Paragraph No.

21. Double leather belts, when treated with

"

great care and run night and day at

moderate speed, should last for seven
years, when under average total load
of 111 lbs. per inch width, or 358 lbs.

per square inch section.

They should last for 18 years when
under average total load of 54 lbs. per
inch width, 174 lbs. per square inch
section.

A total load of 111 lbs. per inch width
corresponds to a pulling power of 65
lbs. per inch width.
A total load of 54 lbs. per inch width
corresponds to a pulling power of 26
lbs. per inch width.

22. The total life of belting, cost of main-
tenance and repairs and the interrup-

tions to manufacture caused by belts,

are dependent upon the total load to

which the belts are subjected, more
than upon any other condition. The
other conditions chiefly affecting the
durability of belting being :

1st. Whether spliced, or fastened with
lacing or belt hooks.

2d. Whether they are properly greased
and kept clean and free from machine
oil.

3d. The speed at which they run. J

23. The speed at which belting runs has^
^gg^ ^^ ^g^^ ^^^

comparatively little enect on its lite
[^

^ ^t--,-. Jifpriotaf
until it passes 2,500 to 3,000 feet per

[
^^^^^^

,

^ ^^^-
minute.

J

"^ ^

24. In a machine shop, the average cost in

dollars per double belt per year of

service, including original cost and
cost of maintenance and repairs,

proved to be $6.72 for such belts as

were used under the ordinary rules

(111 lbs. total load per inch of width,
giving an effective pull of 65 lbs. per
inch of widtli), and the cost Avas found
to be less than $5.70 for belts under
total load of 54 lbs., effective pull of

£6 lbs., per inch of width.

(73), (63) to (74) ;

also (104), (121),

(86), (71). Life
of belting de-
pendent upon
total load and
other elements.

(41), (32) to (37),

(54) and (50).

Total cost per
year.
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No. Conclusions.

25. The cost of all labor and materials'
used iu the maintenance and repairs

of double belts, added to the cost of

renewals as they give out, through a
term of years, will amount on an
average pei- year to 37'r of the origi-

nal cost of the belts, if the belts are

tightened according to the ordinary
rules, and work under a total load of

111 lbs. per inch of width, giving an
eflective pull of 65 lbs. per inch of

width.

If. however, the belts are working ac-

cording to a more economical rule,

under a total load of 54 lbs. per inch
of width, and an effective pull of 26
lbs. per inch of width, the annual cost

of maintenance, repairs, and renewals
amounts to not more than 14:'/i of the
first cost, probably less.

Refer to Paragraph No.

(125) and (42), and
(32) to (41), (54),

(50). Eatio of

total cost per
year to first

cost.

26. The cost of maintenance and repairs of

double leather belts amounts through
a total life of 6.7 years (running night

and day) to one and one-half times

the first cost of the belts, when belts

are working, according to the ordi-

nary rules, under a total load of 111

lbs. per inch of width, and are giving

an effective pull of 65 lbs. per inch of

width.

When, however, the belts are working
according to a more economical rule,

under a total load of 54 lbs. per inch
of width, and give an effective pull of

26 lbs. per inch of width, the cost

of maintenance and repairs, through
a term of 8.8 years, amounts to only
30.4^ of their first cost.

(66) and (65), (34),

(32) and (33),

(54) and (50).

^ Cost of main-
tenance and re-

pairs.

27. The total stretch of leather belting K^^
^^^ ^^^^^g^^^

certainly exceeds b'c oi the original V ^ .^ . , ) /' ,^ ^

length.

14

Total stretch.
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No. Conclusions. Refer to Paragraph No.

28. The stretch during the first six months
of the life of belts is 36^6 of their en-

tire stretch, in the case of double belts

working, according to ordinary rules,

under a total load of 111 lbs. per inch

of width, and giving an effective pull

of 65 lbs. per inch of width.

If, however, the belts are working ac-

cording to a more economical rule,

under a total load of 54 lbs., giving an
effective pull of 26 lbs., the stretch

during the first six months is 15fo of

entire stretch.

(60), (92), (89).

y stretch during

I
first six months.

29. A double belt will stretch AV of If of]

its length before requiring to be tight-
|

ened, when subject, according to or-
|

dinary rules, to a total load of 111 lbs.
|

per inch of width, and giving an effec-
\

tive pull of 65 lbs. per inch of width.

A double belt with total load of 54

lbs., effective pull of 26 lbs., stretches

j\^^ of Ifc before requiring tightening.

(58\(122),(73),(54),

(50). Stretch be-

tween
ings.

tighten-

30. The most important consideration in) /i^ ^^n (q\ (rv)
making up tables and rules for the

|

^ Vgnx (qa!) (qk)
use and care of belting is how to y ij^terruptions to
secure the minimum of interruptions

| j^^anufacture.
to manufacture from this source. j

31. The average double belt, when running
niglit and day in a machine shop,

will cause at least 26 interruptions to

manufacture during its life, or 5 inter-

ruptions per year, if the belts work,

according to ordinary rules, under a

total load of 111 lbs. per inch of width,

and give an effective pull of 65 lbs.

per inch of width. If, however, they
work according to a more economical
rule, under a total load of 54 lbs.,

giving an effective pull of 2() lbs., then
the interruptions to manufacture will

not average oftener for each belt than
one in sixteen months.

(67), (61), (62), (54)

and (50). Inter-

ruptions to man-
ufacture



NOTES ON BELTING. 211

No. Conclusions. Refer to Paragraph No.

(91) to (95), (Ifi),

(17). Also in

general (4) to

(62). Oak tanned
and fulled bet-

ter than other
types of belts.

32. In a carefully conducted experiment]
between different types of leather

belts, made in a machine shop, last-

ing 9 years, between 40 and 50 belts

being used, the oak tanned and fulled

belts showed themselves to be supe-
rior in all respects except the coeffi-

cient of friction to either the oak
tanned not fulled, the semi-raw-hide,

or raw-hide with tanned face.

They lasted longer, caused fewer in-

terruptions to manufacture, did not
stretch unevenly, stretched less, cost

less per year of service, required
tightening only half as often, and gave
less trouble when first started than
their competitors. J

33. Belts of any width can be successfully]
shifted backward and forward on tight

j

and loose pulleys. Belts running be- /^-,q\ j nii7\
tween 5,000 and 6,000 feet per minute, ^^l:^^ ^^^ , \]}V-
and driving 300 HP., are now being

f f'Yt^^
shifting

daily shifted on tight and loose pul-
belts.

leys, to throw lines of shafting in and
out of use.

1 (117) and (113).

34. Shifting belts are much to be preferred
|

Shifting belts
to cut-off couplings, or friction clutch

j

preferred to fric-

puUeys, for throwing heavy lines of ^ tion clutch pul-
shafting in and out of use. leys or cut-off

J couplings.

35. The best form of belt shifter for wide ]

belts is a pair of rollers twice the
j

width of belt, either of which can be I /-.-.kn , /-.-.qn -d -l

pressed onto the flat surface of the p^^i/JP\^, ^; .,"

belt on its slack side close to the
|

driven pulley, the axis of the roller
[

making an angle of 75^ with the cen-
|

tre line of the belt. J

36. Loose pulleys of the McCaffrev type) /i-, ,x ri j i

would appear to be more durable than V ^^^\ ^^^^ ^^^^^

shifter for wide
belts.

others. j
pulley.

1. The problems in belting, while apparently at first sight

so simple, are in reality so complicated, and so many considera-
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tions must be entertained in their solution, that most of us find

ourselves continually forming new conclusions on the subject

and revising old ones. The notes contained in this paper are

offered not as a strictly logical and systematic treatise, but with

a wish to present for discussion some rather disconnected con-

clusions arrived at from practical rather than theoretical con-

siderations.

2. It would appear from a study of the best experiments and

articles on belting, from which the rules and tables in common
use have been deduced, that the chief consideration has been

how to get the maximum of work from belting ; while, in making

up belting tables, the two most important considerations—how
to secure the minimum of interruptions to manufacture, and the

maximum of durability—have not hitherto received due atten-

tion. The one consideration which should have more weight

than all others in making up tables and rules for the use and

care of belting is how to secure the least possible interruption

to manufacture from this source.

3. It is the writer's judgment that belts should be made
heavier and run more slowly than theory and accepted rules

would indicate, not only for the sake of reducing the belt bill in

the long run, but even more to avoid the frequent interruptions

to manufacture. In figuring the total expense of belting, and

the manufacturing cost chargeable to this account, I think

that most careful observers soon come to the conclusion that

by far the largest item in this account is the time lost on the

machines while belts are being relaced and repaired. This is

certainly the case even where the process of manufacture is

such that any one machine can be stopped without affecting the

running of its neighbors, but far more so in those establishments

where the running of a series of machines is dependent one

upon another, and the stoppage of one machine involves delays

on others.

A NINE years' experiment ON BELTING.*

4. While working as foreman of a machine shop, the tools of

* This experiment was made in ilie machine shop of the Midvale Steel Co.,

of Philadelphia, be<,nnning in 1884 and lasting until 1893. During the first six

years the experiment was under the direction of the writer, while he success-

ively occupied the position of foreman of niacliine shop, master mechanic, head

of the drafting room, and chief engineer, after which time it was cjirefuUy con-

ducted by his successor.
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which were frequently driven to their maximum capacity, the

writer became convinced that the belts, which were laced accord-

ing to the ordinary rnles, were a great source of loss to the com-

pany—not so much from the cost of the belting and the labor

of lacing as from the incidental delays to the machines, and the

diminished output of the shop resulting therefrom. This was
particularly emphasized when piece-work rates were established,

requiring the machines to be driven hard and continuously.

The belting was then shown to be by far the largest source of

trouble in the shop.

5. In looking into the experiments that had been made and

the articles that had been written on belting up to this time,

it was found that all carefully conducted and recorded ex-

periments were of short duration, their chief object being the

determination of the coefficient of friction. But of equal im-

portance in formulating rules for belting is the knowledge of

what tension can be surely maintained through a term of

months, or what elements chiefly affect the durability of belting

;

yet these considerations appear to have been rather neglected by
experimenters. Very little information could be obtained either

as to the cost of maintenance of belts, or in regard to the inter-

ruptions to manufacture from belting, when used under known
and uniform conditions as to tension and general treatment.

6. Believing that reliable information on these points could

only be obtained by means of an experiment lasting through a term

of years, the writer was fortunate in having the opportunity of

making a trial of this sort; and although at the end of nine

years the experiment is not finished, still it has proceeded far

enough to enable him to form conclusions which are interesting

and, it is believed, useful.

7. In 1888 and 1884 the writer superintended the design and
erection of a new machine shop, in which many of the machines

from an old shop were used.

8. As a result of experience in the old shop, the tight and

loose pulleys on the countershafts were made much larger in

diameter and of wider face, so that the belt power from main
line to ct)untershafting was made about two and one-half times

as great as formerly. All belts were made endless by splicing,

glueing, and pegging, instead of lacing or hooking, and double

belts were used throughout the shop.

It was found impracticaVjle in most cases to alter the driving
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pulleys from the countershaft to the machine, since generally

cone pulleys were used.

9. In all cases the countershafts were mounted on independ-

ent frames, which could be raised and lowered in tightening the

belts by the interposition of wooden packing pieces of varying

thickness between the frames and the supporting stringers

overhead. For this purpose standard packing pieces, varying

by eighths of an inch in thickness, were always kept in the tool

room. With this method of tightening it was seldom necessary

to resplice a belt, since six to ten inches of stretch could be

taken up in the belt, by gradually raising the countershaft, before

resplicing became necessary.

10. Belt clamps were used having spring balances between

the two pairs of clamps, so that the exact tension to which the

belt was subjected was accurately weighed when the belt was

first put on, and each time it was tightened.

11. Experience soon demonstrated about the length of time

that each belt would run without requiring to be tightened, and

at approximately regular periods the spring-balance belt clamps

were put on to each belt and the tension of same weighed, and

the countershaft raised just enough to maintain the belt at its

proper tension. For this reason, it was a matter of very rare

occurrence that a belt slipped during working hours. And as

the belts were generally tightened on Sundays (the shop work-

ing night and day), the minimum of delay was caused on the

machines from this source.

12. In case a belt slipped while the machine was in use, the

man running it was never allowed to take it up. It was reported

to the foreman, and one man—as far as possible—took care of all

the belts. He received his orders from and made his returns

in writing to the machine-shop clerk, concerning time and

materials used, tension of the belts, kind and condition of the

splices, and nature of repairs made.

13. The tension under which each belt was spliced was care-

fully figured so as to place it under an initial strain—while the

belt was at rest immediately after tightening—of 71 lbs. per inch

of width of double belts.

This is equivalent, in the case of

Oak tanned and fulled bolts, to 192 Iba. per square inch section.

Oak tanned, not fulled belts, " 239 " "

Hemi-raw-bide belts, " 253 " " " " "

Raw-liido belts, " 284 " " " ' "
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14. At intervals of about three months for the first two years

of the test, aud after this time at intervals of about five months,

each belt was scraped clean, and greased with the kind of dub-

bing recommended bv the maker of the belt.

15. An accurate account was kept of the original cost of each

belt, and every item of expenditure, both for labor and materials

used in the maintenance and care of same ; also the exact stretch

of each belt was recorded, and its method of treatment through-

out.

16. Having determined upon the above method of treating the

belts before building the shop, the writer concluded that this

would afford an excellent opportunity for testing several types

of leather belting. He therefore selected what he believed to be
the four leading types of leather belts, choosing the firm with

the best reputation for each type, and used the types in about

equal numbers through the shop. As the shop contained a good
many machines of the same kind, which were run under the

same conditions, it was possible to subject the competing belts

to j)^"actically the same conditions. The makers were all in-

formed of the nature of the test which was to be made, and were
given plenty of time in each case to make the best belts of their

types, so that none but first-class belts of their kinds were
used.

17. The following were the types of belts selected:

1. Oak tanned and fulled leather.

2. Oak tanned but not fulled.

3. Semi-rasv-hide.

4. Raw-hide with surface tanned.

18. In considering the results of this test, it should be borne

in mind that the belts called " shifting " are those running from

the main line of shafting to tight and loose pulleys on the coun-

tershafts, and that these belts were used so as to have about

two and one half times as great transmitting power as the ordi-

nary belting rules would demand ; while the " cone " belts, ex-

tending from the countershaft to the machine, are used accord-

ing to the ordinary rules for belting.

19. Below will be found a summary of the results of the test

obtained from a study of the records. In considering these

averages, it should be borne in mind that the test was begun in

1884, since which time (for about nine years j the "shifting"

belts have been run on an average twenty hours per day, while
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the " cone " belts have not received quite such steady use, since

the machines were stopped while work was put on and taken

off, and they have been occasionally idle owing to a lack of

work. Still, they have certainly been used much more steadily

than those in the average machine shop.

20. It is to be regretted that the records, giving the exact

details of the cost of repairs, tightening, and stretch, etc., of

each belt, are so voluminous as to prevent their j^ublication.

They would, however, fill nearly one-half of a volume of the

proceedings of the Society.

The records of many of the individual belts are erratic in

many respects, so that it is only by a series of averages that we
apparently can arrive at any reliable conclusions.

21. The writer in this paper frequently uses the expression,

" the ordinary rules of belting." A glance at The Use of Belt-

ing, a book in which Mr. John H. Cooper has carefully com-

piled all of the belting rules established by the best authorities

abroad and in this country, shows us that these rules present a

wide range of difference, the ratio of divergence between the

lightest and heaviest rules being as 1 to 4 By the expression,

" the ordinary rules of belting," we refer to a mean of these

various rules, which gives a double belt a pulling power of 65

lbs. per inch of width, and places the most economical belt

speed at between 5,000 and 6,000 feet per minute.

In reading articles on belting, we note that there seems to be

no uniformity in the use of terms to express the tension under

which belts are tightened, and the loads to which they are sub-

jected while running. We therefore think it advisable to define

the meaning which we attach to certain terms.

When pulleys upon which belts are tightened are at rest, both

strands of the belt (the upper and lower) are under the same

stress per inch of width. By " tension," " initial tension," or

" tension while at rest," we mean the stress per inch of width,

or square inch of section, to wliich one of the strands of the belt

is tightened, when at rest. After the belts are in motion and

transmitting power, the stress on the slack side, or strand, of

the belt becomes less, while that on the tight side—or the side

which does the pulling—becomes greater, than when the belt

was at rest. By the term "total load," we mean tlie total stress

per inch of width, or square inch of section, on the tight side of

belt while in motion.
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The difterence between the stress on the tight side of the belt

and its slack side, while in motion, represents the effective force

or pull which is transmitted from one pulley to another. By
the terms "working load," "net working load," or "effective

pull," we mean the difference in the tension of the tight and
slack sides of the belt per inch of width, or square inch section,

while in motion, or the net effective force that is transmitted

from one pulley to another per inch of width or square inch of

section.

22. In examining the summary of the following table, please

bear in mind that shifting belts were so used as to be subject to

a net working load only j\ as great as that of the cone belts

(see 10 and 18). Each style of belt was, however, tightened

repeatedly to the same tension, 71 lbs. per inch of width. All

belts were double leather.

The cone belts were supposed to give an effective pull on the

pulley of 65 lbs. per inch of width, and the shifting belts 26 lbs.

23. Originalh' about fifty belts were started in this experi-

ment, Vmt only forty-two were found available for making up the

averages given beneath.

24. The shifting belts vary in dimensions from 39 feet 7 inches

long, 3.5 inches wide, .25 inch thick, to 51 feet 5 inches long, 6.5

inches wide, .37 inch thick. Cone belts vary in dimensions from

24 feet 7 inches long, 2 inches wide, .25 inch thick, to 31 feet 10

inches long, 4 inches wide, .37 inch thick.

25. The shifting belts vary in speed from 565 feet per minute

to 1,570 feet per minute. ,Cone belts vary in speed from 225 feet

per minute to 1,340 feet per minute.
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63. In considering the above table, the most interesting and

important fact noticeable is the superiority of the shifting to the

cone belts in every respect except first cost (32), and this supe-

riority is even much greater than the figures would indicate, since,

generally speaking, the cone belts which are still in use are

nearly worn out, having reached a point at which it is doubtful

whether it pays to repair them, while the shifting belts are, to

all appearances, in almost as good condition as when they

first went into use, and should last twice as long as they have

already.

Gi. I think it would be safe to say that the life of the shifting

belts will be three times that of the cone (see 30 and 40, with

foot-notes), and already the total cost of the shifting belts per

year of service is less than that of the cone. (See 41.)

65. A comparison of the first cost of the belts (32) is scarcely

fair to the shifting belts, since, owing to the location of the

machines, the cone belts are only two-thirds as long as their

competitors (26).

66. It is interesting to note that after 8.8 years of life the total

cost of maintenance and repairs of the shifting belts (33 and

31) amounts to only 30.4:^ of the original cost, while with the

cone belts the maintenance and repairs through a life of 6.7

years amounts to one and one-half times the first cost.

67. In the writer's judgment, by far the greatest point of

advantage of the shifting belts lies in the fact that the interrup-

tions to manufacture are nearly seven times as frequent with the

cone as with the shifting belts (62), each shifting belt having

been tightened or repaired on an average only 6. times during

nine years, while the cone belts averaged 32 interruptions * to

manufacture in 0.7 years (61) ; the shifting belts having run on an

average twenty-two months without tightening, while the cone

belts ran only two and one-half months (56).

In ordinary shop practice, belts are tightened and repaired

during working hours, and usually by the man who runs the

machine Avhich they drive ; so that we are not far out of the way

in considering the interruption to manufacture as about eqiial

to the number of times each belt was repaired or tightened.

When we remember, therefore, that these belts were watched

* The cleaning and greasing- of the bells could readily, and probably would, be

done in almost any shop outside of working hours, so that this item has been

left out in 62, fil, and 56.



NOTES ON BELTIXG. 221

vritli unusual care, and treated in what the writer believes to be

the best known manner to secure durability, he thinks it safe to

say that the interruptions to manufacture in the average sho]) or

mill would be far greater than here recorded.

OS. In the writer's judgment, by far the most important matter

to be determined from the above table is the reason why the

shifting belts have proved themselves so much more satisfactory

than the cone, and with this end in view it may be well to

recapitulate the various elements'] which chiefly affect the life

and satisfactory running of belting. They were, he believes, as

follows :

(1) The material from which the belts are made and the method
of their construction.

(2) The means of fastening and tightening them on the pulleys
— i.e., whether laced, spliced, or fastened with hooks.

(3j The care and regularity with which they are greased, and
whether they are kept clean and free from machinery oil.

(4) The general nature of the service which the belts are called

upon to perform.

(5) Whether the belts run vertically or horizontally.

(G ) The relative length of the belts.

(7) The relative speed.

(8) The tension under which they were tightened.

(9j The average total load to which they are subjected while

working.

69. Since the " shifting " and " cone " belts were made by the

same makers and of the same materials, and were spliced on

the pulleys and greased and treated in exactly the" same way,

we need not consider the first three elements as given above.

As to the fourth—" the general nature of the service of the

belts "—I think that to be used on either tight and loose pul-

leys or cone pulleys is about as severe a duty as belts are called

upon to perform. It would be difficult to say, however, which

of the two duties is the harder on belting, so that I do not think

that we can look here for an answer to the question.

70. Undoubtedly, horizontal belts will run under a lower ten-

sion than vertical, and in this respect the service of the cone

belts was rather more severe than that of the others.

It will be remembered, however, that when the machines were

moved from the old shop to the new one in which this experi-

ment was made, the tight and loose pulleys on the countershafts
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were all thrown away and far larger ones substituted for them.

This was done because the shifting belts in the old shop were

such a great source of trouble. They were there run under the

same " total load " as the cone belts, and owing to their inac-

cessibility undoubtedly wasted more time than the others. It

would appear, therefore, that the direction in which the belts run

does not seriously affect their durability.

71. In the sixth element—" the length of the belts "—the

shifting belts unquestionably have an advantage, since they are

one-half longer than the cone belts (26) ; and it is safe to say that

(other things being equal) the life of the belt should be greater

as the belt increases in length, up to, say, 50 feet. The small

difference in the length of the belts, however, would not at all

account for the great superiority of the shifting belts, and this

advantage, it would seem, must be much more than overbalanced

by the fact that the shifting belts ran about twice as fast as the

cone belts (29), and were always running when the main line of

shafting was moving. The fact that the shifting belts ran about

twice as fast as tlie cone belts, and yet lasted so much longer

and worked in every way so much more satisfactorily, shows that

the relative speed of belts (at moderate speeds at any rate) has

but little effect on their durability.

72. It is, however, without doubt in elements 8 and 9 that

we find the answer to our question, for while the two classes of

belts were repeatedly tightened to the same initial tension, 71

lbs. per inch of width, or 239 lbs. per square inch section

(see 46 and 47), the shifting belts were, owing to their greater

speed and width (see 27 and 29), subjected to a far lighter

total load than their competitors (see 54 and 55), and to this

fact their great superiority over the cone belts is undoubtedly

due.

73. The good effects of the lower " total load " to which the

shifting belts were subjected can be clearly traced through sev-

eral items in the table. The most important of these would

seem to be item 48, showing the tension to which the belts had

fallen when they required tightening.

The averages in this item * (for the cone belts especially)

show the exact point in the tension of the belts at which they

* The writer did not appreciate the importnnce of this item when the experi-

ment started. It was entered on the recor(l.s merely as a matter of interest and

witiiout re'^ard to its usefulness.
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were just able to do the work required of them, and it will be

remembered that this point was in no way arbitrarily deter-

mined, but was fixed by each belt for itself by giving indications

that it was about to slip seriously. It should be noted that in

the case of the shifting belts they rarely, if ever, slipped.

They were taken up, in almost every case, because they had

stretched so much that they began to flop and jump about to

such an extent as to be in danger of damaging themselves.

In examining items 46, 48, and 56, we note tliat it only took

two and one-half months for the cone belts to fall from the

initial tension of 71 lbs. per square inch of width to 33 lbs.,

their slipping point, while the shifting belts were twenty-

two months in falling from 71 lbs. to a tension of 21 lbs. ; and

undoubtedly, if the cone belts had been subjected to as light

a total load as their competitors, they would have run equally

long without requiring to be tightened. Another good effect

of the light " total load " on the shifting belts is seen in

items 57 and 58, as they stretched yVo of on® per cent, before

having to be tightened, while the cone belts, which were subject

to twice as great a total load (see 54), required tightening after

they had stretched yV^ of one per cent.

Summarizing the above, we may state that the total life of

belting, cost of maintenance and repairs, and the interruptions

to manufacture caused by belts, are dependent upon (1) the " total

load " to which they are subjected, more than upon any other

condition ; and that, in our judgment, the other conditions

chiefly affecting the durability of belting are :

(2) Whether the belts are spliced, or fastened with lacing or

belt hooks.

(3) Whether they are properly greased and kept clean and
free from machinery oil.

(4; The speed at which they are run.

74. Having demonstrated the fact that the life, cost of main-

tenance, and the interruptions to manufacture are chiefly de-

pendent upon the average total load to which belts are sub-

jected, it becomes of the utmost importance for us to determine

the maximum average "total load" per inch of width of belt

compatible with economy.

Before entering into the discussion of this matter, the writer

wishes to state that he knows of no way in which this problem

can be solved with absolute certainty. The conclusions finally
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arrived at are dependent upon so many conditions that while

they appear to be close to the truth, he holds himself ready to

again modify his views on this subject, as he has several times

in the past. One thing, however, is proved beyond a doubt by
these experiments ; namely, that the ordinary rules place belting

under entirely too severe a " total load."

75. Probably the most accurate way of arriving at the average

strain to which the belting was subjected would have been a

series of dynamometer tests on the machines. This, however,

the writer has had no opportunity of making.

It would seem as though the effective pull of the belt on the

rim of the pulley might be calculated by considering the ten-

sion of the cone belts at the time when they required tighten-

ing (see 48), in connection with their coefficient of friction, and

the well-known belt formulae.

However, in looking through the careful experiments to deter-

mine the coefficient of friction made by General Morin ; Messrs.

Briggs and Towne, of the Yale & Towne Manufacturing Co.,

Conn.; Messrs. Wilfred Lewis and J. S. Bancroft, for Wm. Sellers

& Co., of Philadelphia; Prof. G. Lanza, of the Massachusetts

Institute of Technology ; and Mr. Edward Sawyer, of Boston,

we see that the coefficient of friction varies from 15^ to 135;*,

according to the nature and condition of pulleys and belts,

the belt dressing, the amount of slip, and even the atmospheric

conditions.

And, again, the notable "discovery of Messrs. Lewis and Ban-

croft (whose experiments, on the whole, appear to be the most

carefully and thoroughly conducted), that the " sum of the ten-

sions on both sides of the belt does not remain constant," upsets

all previous theoretical belting formulae.

When we consider these facts, it would seem doubtful whether

any calculation on the subject would lead to reliable results.

76. The writer, however, made out a series of tables fixing

piece-work prices for almost every machine in the shop, and

before arranging these tables a series of experiments were car-

ried out to determine the pressure required to cut steel under

various conditions.

Figuring backward through the driving mechanism of the

machine from the cutting tool to the cone pulley, the work

called for in the piece-work tables demanded an average elTective

pull on the rim of the pulley of (}5 lbs. per inch of Avidth of
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the belt, and as the cuts called for in the tables were almost nni-

versally taken, up to the time that the belts required retighten-

ing, it is highly probable that the " cone " belts averaged an

effective pull of G5 lbs. per inch of width. If this is a fact, it

of course follows that the average net working load of the shift-

ing belts is 26 lbs. per inch of width. (See 10, 18, 50, and 51.)

77. In estimating the average tension in pounds per inch of

width, as given in 52, we have concluded that since it required

only two and one-half months (see 56) for the cone belts to fall

in tension from 71 lbs. isee 46) to 33 lbs. (see 48), therefore the

fall in the tension of the shifting belts from 71 lbs. until the

tension was in the neighborhood of 33 lbs. must also have been

rapid. We note, however, that it required twenty-two months

for the shifting belts to fall in tension from 71 lbs. to 22 lbs.

It is safe to say, therefore, that during the greater part of this

twenty-two months the tension of the shifting belts must have

been below 33 lbs., and approaching, during this time, more and

more slowly the lower limit of 21 lbs.

On drawing a curve which approximately represents the fall in

tension corresponding to the months of service, the average ten-

sion of shifting belts was seen to be about 28 lbs. per inch of

width (see 52), while the corresponding figure for cone belts

was believed to be about 46 lbs.

Adding together the net working load (see 50) and the average

tension (see 52 j, we arrive at the " average total load " on the

belts (see 54 and 55), 54 lbs. per inch of width with shifting, and

111 lbs. with cone, belts.

78. The various authorities which the writer has studied place

the safe total load of belting per square inch of section at from

290 to 500 lbs. per square inch of section. Generally speaking,

these authorities base their total load upon the tensile strength

of leather, taking an arbitrary percentage of this tensile strength

as their safe load. So far as I know, they give no reason why
they choose this particular fraction of the breaking strength as

their safe load, and therefore their conclusions seem arbitrary

and unsatisfactory.

79. Since the shifting belts have proved themselves so much
more economical than their competitors, and since their economy
is due to their lower "total load," we see, from items 54 and 55,

that a total load of 111 lbs. per inch of width, or 358 lbs. per

square inch section of belts, is too great for economy ; 54 lbs. per

15
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inch width, or 174 lbs. per square inch section, being far more

economical and satisfactory.

Evidently then the most economical total load for belting

must lie between 174 lbs. and 357 lbs. per square inch of section

of belt.*

The above experiment does not, however, furnish sufficient

data for accurately determining the most economical total load

for belting, although it fixes two limits between which this load

must lie, and I think demonstrates beyond question that the

hitherto assumed "economical total loads" are entirely too

high. The writer is, however, obliged, as all previous experi-

menters on belting have been, to arbitrarily state what he be-

lieves this economical load to be.

For several years past the writer has used the following rules

with satisfaction, and he believes them to represent the most

economical practice :

80. The average total load on belting should be 200 to 225

lbs. per square inch section of belt.

81. Six- and seven-ply rubber belts, and all double leather belts

except oak tanned and fulled, will transmit economically a pull

of 30 lbs. per inch of width to the rim of the pulley.

82. Oak tanned and fulled double leather belts will transmit

economically a pull of 35 lbs. per inch of width.

83. The most economical speed for belting is 4,000 to 4,500

feet per minute.

84. The writer has recently had a most unfortunate but inter-

esting opportunity of comparing the ordinary rules for belting

with the above rules.

For three years past he has been engaged as general manager

of a company in building and organizing two large sulphite pulp

mills, in which about 3,500 H.P. is transmitted by belting, this

power being transmitted in units varying from 1,000 H.P. to a belt

down to a few horse-power per belt. The shafting runs night and

day throughout the week from Sunday to Sunday, without a

shut-down. Through a misunderstanding, during the absence of

the writer at one of the mills, one half of the other mill, aggre-

* A total load of 174 lbs. is evidently lighter tluin i.s roquired for economy,

Hince an examination of tlio records of the shifting belts shows that they ran on

an average twenty-two inontlis witlioiit requiring tightenini;^ (see 56), and that

oven at tlie end of this time they did not often slij) on the pulleys, but were

generally tightened on account of their floj).
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gating about 900 H.P., was belted under the following rule,

•which is believed to be about an average of the ordinary belting

practice

:

" A double leather belt, or six- to seven-plj rubber belt, will

transmit 65 lbs. pull per inch of width to the rim of the pulley."

The speed of the belting was from 5,000 feet to 6,000 feet per

minute.

About one-third of the belting in the mill was leather, and

two-thirds rubber.

On the return of the writer to the mill, the second half of the

mill was belted on the basis of 30 lbs. pull per inch of width of

double belt transmitted to the pulley, and a belt speed of 4,000

to 4,500 feet per minute.

85. It is safe to say that the belting of the first half of this

mill (ordinary rule) gave one hundred times as much trouble as

that of the second half. In fact, the belting proved to be the

chief source of trouble and expense in running the first half of

the mill, owing to the frequent interruptions to manufacture

caused by it ; while that of the second half ran from the start

with almost no trouble.

This has proved to be a most emphatic though expensive

confirmation of the results of the nine years' experiment above

described.

86. Regarding the speed of belting, we see that, at moderate

speeds, surely the speed of the belting has little or no effect on

its durability, since the shifting belts, which lasted so much
longer than the cone belts, ran about twice as fast. (See 29.)

"When the speed, however, becomes sufficiently high for the

centrifugal force in rounding the pulleys to play an important

part in increasing the " total load " of the belt, it becomes a

most important element affecting the life of the belting.

87. The writer has adopted a speed of from 4,000 to 4,500 feet

per minute as the most economical belt speed for several reasons,

one of which is that belting running above this speed has a

great tendency to run in waves on the slack side, and flop about

and oscillate from side to side of the pulleys, and so cause rapid

wear, this tendency being greater and more dangerous as the

width of the belt with relation to its thickness increases.

The principal reason for adopting this speed, however, is that,

when the centrifugal force is taken into consideration, a total

load of from 200 to 225 lbs. per square inch section gives a
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maximum of efficiency when the belt runs at 4,000 to 4,500 feet

per minute.

88. In this connection, I Avish to call attention to the remark-

able formula, developed by Mr. Wilfred Lewis, for determining^

the maximum economical speed of belting corresponding to

given total load.

The writer regards this as one of the few valuable belting

formulae deduced exclusively from theoretical considerations,

and as its value appears to have been rather overlooked, he

takes the liberty of quoting from Messrs. Lewis & Bancroft's ex-

periments, made for Wm. Sellers & Co., as follows :

" V — velocity of belt in feet per second.

S = working strength of leather in pounds per square inch.

" The velocity at which the maximum amount of power can be

transmitted by any given belt is independent of its arc of con-

tact and coefficient of friction, and depends only upon the work-

ing strength of the material and its specific gravity.

" From equation we obtain for the maximum power of leather

belts the condition

:

^=^28^';

and for any other material whose specific gravity is y, we find

y

If we insert in the above formula the total load of 200 lbs.,

which the writer believes to be most economical load, we have

4,500 feet as the speed of maximum efficiency of the belt.

STRETCH.

89. A study of the stretch of belts and the frequency with

which they require tightening, and the portion of their life

during which they require repairing, leads us to the conclusion

that there is an elastic limit in belting to a certain extent anal-

ogous, as far as it affects the life of tlie belt, to that existing in

iron and steel. From the standpoint of stretch it would seem
as though the life of belts could be divided into three periods :

(1 ) The ])eriod of unec(ual stretch, during which the rapidity of

stretch and frequency of tiglitening gradually diminish until the
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stretch becomes approximately iiniform. This period lasts from

about four to twelve months after the belt first goes into use

;

the streteJi during the first week being usually very great, and

gradually diminishing until it becomes comparatively uniform.

(2) The period of uniform stretch, lasting until the belt re-

quires more or less frequent repairs.* At the end of this period

some portions of the belt appear to be strained beyond their

elastic limit.

[S) The period of uneven stretching. During this period

portions of the belt appear to stretch much more than others,

or possibly the fibres of the belt begin to yield, causing more

and more frequent repairs, and finally throwing the belt out of

use.

It would seem as though, for each type of belting, each belt

could stretch a certain per cent, of its length before reaching its

elastic limit, and that in this way the amount of stretch of a

belt at any particular time might be a fairly accurate index as

to its remaining life.

In examining the percentage of stretch of the shifting belts as

compared with that of the cone, given in 44, it would appear

that the shifting belts were not quite half worn out ; and this

would seem from an examination of the belts to be the case.

90. A consideration of items 33 and 34 leads us to inquire,

" When is a belt worn out ? " It would seem as though in some
cases it would have been cheaper to put on a new belt than to

continue to repair the old one.

In almost all cases a large part of the cost of repairs occurs

during the last three years of its life, although with the cone

belts the cost of maintenance during the first year is also heavy,

owing to the excessive stretch when they first go into use.

(59, 60.j

91. Referring again to the tabulated results of the leather

belt experiment, next in interest to the comparison of the shift-

ing and cone belts comes the relative merits of the various

types of belts used. The oak tanned and fulled belts here show
themselves beyond question to be superior in all respects,

except the coeflGicient of friction, to their competitors.

*0f course, the repairs here referred to are those resulting from the yielding of

some portion of the leather or the splices of the belt through natural use. There

are more or less repairs to every belt from the time it first goes into use, result-

ing from accidents.
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It will be noted that a far larger per cent, of the oak tanned

and fulled belts are still in use than any of the others (see 30)

;

that their life is longer, and that none of them stretched un-

evenly and were thrown out of use in the early part of their

life (see 40, with foot-notes) ; that the cost per year of service

is less (see 41), the total stretch is less (see 43 and 44), and

the interruptions to manufacture were less (see 61 and 62)

;

that their competitors required tightening fully twice as often

(see 56), and that, in spite of this, the average total stretch and

percentage of stretch between tightenings was greater with the

other belts than with the oak tanned and fulled. (See 57 and

58.)

92. It is also seen that the oak tanned and fulled belts stretch

far less actually and relatively to their total stretch during the

first six months of use than the others (see 59 and 60\ so

that they give less trouble when machinery is first started,

which is the time when one can least afford to be bothered with

belts.

93. We note, however, that the coefficient of friction of the

other belts is somewhat greater than that of the oak tanned (see

48), since the oak tanned and fulled required tightening when their

tension had fallen to 37.6 lbs. per inch of width, while the

others, on an average, fell as low as 31.3 lbs. per inch of width

before requiring tightening. For this reason, the journal fric-

tion, and therefore power lost, with the oak tanned and fulled

was slightly greater than with the others.

94. The coefficient of friction of one of the raw-hide belts used

in this experiment was determined by Messrs. Lewis and Bancroft

in their experiment (the results of their experiments on this

belt being given in their Table III.). The coefficient of friction

of this belt, when tested immediately after its temporary re-

moval from the pulleys, in the Midvale test, proved to be in

many cases over 100;», and yet, in spite of this great advantage,

this type of belting is shown in the table to be far less economi-

cal than the oak tanned and fulled.

95. The chief characteristic in which the oak tanned and

fulled belts difiV^red from the others was their stiffness. They

were far less pliable than any of the others, and I am inclined

to attribute a considerable part of their superiority to this prop-

erty. Certainly, lateral stiffness is a most desirable quality in a

belt which is to be used as either a shifting belt or on cone
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pnllevs. A pliable belt used under these conditious is far more

apt to curl up on the edges, and to climb and stretch against

the side of .the cone, and finally twist up like a corkscrew. A
large proportion, also, of the so-called accidents to belting, in

which they jump from one cone to another, or run into neigh-

boring gears, are due to excessive pliability.

96. Owing to their greater lateral stiffness, thick belts are

much to be preferred to thin ones. So much do I believe that

the property of stiffness increases the life of belts, that I make
it a rule to use as thick a belt in all cases as the diameter of

the pulleys will permit.

97. A manifest advantage of belts made of two or more thick-
~

nesses of leather lies in the fact that any local imperfection of

the leather will produce but little effect in a double or triple

belt, while in a single it is fatal.

98. Messrs. Lewis and Bancroft have, in their experiments,

demonstrated the fact that "no marked difference could be

detected in the power required to run a wide double belt or a

narrow light one for the same tension at moderate speeds."

And again, we see ropes up to two inches in diameter transmit-

ting i^ower with great efficiency, and with apparently but little

loss of power owing to their thickness. Therefore a thick

belt will be practically no less efficient than a thin one on ac-

count of its stiffness.

99. Many experimenters have shown that the pulling power
of belting for a given arc of contact is almost independent of the

area of the belt in contact with the pulley, and that it depends

chiefly upon the sectional area of the belt, and its total tension

;

so that a triple belt will transmit about as much power as a sin-

gle belt three times its width.

100. With wide belts, and belts running at high speed, it is

especially desirable that the thickness should be increased.

If thin belts are used at high speed, they almost invariably run

in waves on the slack side, particularly if the load which they

are transmitting changes suddenly. These waves frequently

continue in the belt while it is rounding the driven pulley, so

that one can sometimes even see light in places between the

belt and pulley rim when standing in the proper position.

This wrinkling of the belt, and the snapping that occurs as the

waves straighten out, wears it very fast, and causes the splices

to part, frequently in a few months. The remedy for this
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trouble I have invariably found to be an increase in the thick-

ness of the belt. When a sufficient thickness is used, the belt

settles down on the same pulleys and under the same condi-

tions to a long, steady curve on the slack side, and the wrink-

ling and snapping cease.

101. It would seem also as though a certain ratio of thick-

ness to width of belt should be maintained, particularly in high-

speed belts, otherwise the belt is apt to chase from side to side

on the pulleys. This chasing would seem to be due chiefly to

the oscillation of the belt around its longitudinal axis on the

slack side, the belt being thereby tightened, first at one edge

and then at the other, each side as it is tightened tending to

run toward the centre of the pulley. This oscillation, and the

resultant chasing, are almost sure to cease when the thickness

of the belt is increased in proper proportion to its width.

102. As an illustration of this principle, the writer has in mind

the case of a belt 78 inches wide and tV inch thick, running about

5,500 feet per minute, which could never be prevented from chas-

ing from side to side on its pulleys for any length of time with-

out the use of an idler pulley. This chasing was due to the

oscillation about its longitudinal axis, which was caused by the

small thickness of the belt in relation to its Avidtli.

A belt ;| inch thick and 72 inches wide, used on the same jduI-

leys, was almost entirely free from the chasing, and I am con-

vinced that an increase to l^v inches in thickness Avould have

rendered it sufficiently stiff to permanently remove the trouble.

It should be noted that the thicker belt proved to be far more

economical, durable, and satisfactory in every way than the thin

belt.

103. If the principle is correct, of iising thick belts on ac-

count of their lateral stiffness and consequent durability, it

becomes of the utmost importance to determine the minimum
diameter of pulley which can be used with a given thickness of

belt, and still have the belt last well. The writer is quite sure

that double leather belts 2 inch thick will last well and give ex-

cellent satisfaction on pulleys as small as 12 inches in diameter,

as he has had many belts in use for years under these condi-

tions.

For some time past he has had a triple leather belt 12 inches

wide, 0.56 inch thick, running about 4,5(>0 feet per minute, with

an idler pulley pressing liglitly upon it, and transmitting about
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100 H.P. to a pulley 12 inches 'diameter. This belt has up to

date given excellent satisfaction, and has already lasted much
longer than the two double leather belts which preceded it.

The writer feels certain, from his experience, that it is safe

and advisable to use

—

A double belt on a pulley 12 inches diameter or larger,

A triple belt on a pulley 20 inches diameter or larger,

A quadruple belt on a pulley 30 inches diameter or larger
;

and it his opinion that it is advisable to use double, triple, and

quadruple belts on pulleys respectively as small as 9 inches,

15 inches, and 24 inches diameter.

104. Regarding the question of fastening the two ends of the

belt together, I think it safe to say that the life of belting will

be doubled by splicing and cementing the belt, instead of lacing,

wiring, or using hooks of any kind. When belts are subjected

to the most severe usage, the spliced portion should be riveted,

iron burrs being preferable to copper.

105. For double belting, the rule works well of making the

splice for all belts up to 10 inches wide, 10 inches long ; from 10

inches to 18 inches wide the splice should be the same width as

the belt, 18 inches being the greatest length of splice required

for double belting.

106. When idler pulleys are used on belts, the V-splice should

be adopted. It is also advisable to use the V-splice on all

triple and quadruple belts.

107. With rubber belts the stepped splice should be used, the

spliced portion of the belt being made one or two plies thicker

than the balance of the belt.

Mr. T. Robins, Jr., of New York, has recently invented a

method of coating the surfaces to be spliced with uncured

rubber in solution, and vulcanizing the spliced portion of the

belt after it is in place on the pulleys by means of steam-

heated clamps. This process, although troublesome, would

appear to make the splice about as strong as any other part of

the belt.

108. In establishments such as, for instance, paper and pulp

mills, which should run throughout the week, night and day,

without a shut-down, each important belt should be supplied

with an idler pulley, which, in case a belt becomes slack in the

middle of the week, can be tightened onto the belt while it is
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running, and so enable it to drive until Sunday, when it can be

retightened or spliced.

109. The best location for the idler pulley on high-speed

belts is on the slack side of the belt, and about one-quarter way
from the driving pulley. In this position it wears the belt far

less than if placed close to the driven pulley, as is customary
;

and the tendency of the idler to guide the belt off the pulley, in

case it is slightly misplaced or the belt stretches unevenly, is

far less. The writer is aware that this is contrary to the accepted

theories on the subject, and has only arrived at this conclusion

after repeated trials.

110. The most satisfactory method of tightening belts, where

the conditions permit, is to move one pulley away from the

other. Countershafts, therefore, when practicable, should be

mounted on frames which can be raised in tightening the ver-

tical or diagonal belts, packing pieces of varying thickness being

inserted between the frames and the supports overhead.

111. Belts drive most satisfactorily when their shafts are '20

to 25 feet from centre to centre. If they are farther apart than

this, the slack side is apt to flop about too much ; and if the

distance between centres is much less than 20 feet, they require

tightening oftener than is profitable.

With main driving belts it is often desirable to use a larger

distance from centre to centre than the above, so as to secure a

greater arc of contact on the small pulley.

112. The faces of pulleys should, where practicable, be made
about one-quarter wider than the belts which run on them, to

allow for possible uneven stretch or running of belt, and a certain

amount of chasing.

113. In establishments in which the shafting is run night and

day by a single motor, it is frequently desirable to stop one or

more sections during the night without stopping the rest of the

shafting.

In such cases it has been customary to use a friction cut-off

coupling, or a friction clutch pulley, which is thrown in or out,

as the case recjuires.

These appliances are, however, owing to the number of their

parts, more or less complicated, and are certain, sooner or later,

to get out of adjustment and cause more or less trouble and

repairs.

The writer has found a far more elementary and satisfactory
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contrivance for this purpose to be a pair of tight and loose pul-

leys, onto either of which the driving belt can be readily shifted

while it is running at full speed, and he has had, during the past

two years, lines of shafting transmitting as high as 300 H.P.

successfully thrown off and onto the main line each night and
morning.

114. The two elements in this apparatus which are likely to

cause trouble are, first, the loose pulley, and, second, the belt

shifter. The loose pulley which I have found most successful

for this purpose * has a loose bronze bushing in its hub, which
is perforated with holes, and is automatically deluged with oil

each time that the pulley is stopped.

115. The writer has used successfully, for shifting large belts

at high speeds, two styles of belt shifters, both of which are old

in principle, biit which—so far as he knows—have heretofore

been but little used. These belt shifters are, as usual, applied

to the belt on the slack side, and as close as practicable to the

driven pulley.

116. The first consists of a pair of rollers mounted on a mov-
able frame, and having their axes inclined toward one another,

forming an angle of about 20". This frame is then placed so

that the plane of the axes of the rollers is at right angles to the

centre line of the belt, and the belt passes between the rollers

without touching either. Belts up to from 20 inches to 24 inches

in width are readily shifted by pressing one or the other roller

against the edge of the belt, the action being similar to that of

an ordinary forked belt shifter, except that the edge of the belt

curves downward, owing to the inclination of the rollers, until

the body of the belt touches the roller, and in this way the edge

is prevented from burning and fraying out.

117. The second style will readily shift any width of belt

whatever, and for wide belts, when space permits, is to be jjre-

ferred to any other style of shifter. Two rollers, the length of

each of which is rather more than twice the width of the belt,

are placed with their axes parallel to the plane of the belt, each

forming an angle of about To'' with the centre line of the belt.

They are inclined, however, in different directions to the centre

line of belt. When one of these rollers is pressed even with a

moderate force against the surface of the belt, it will move

* This pulley is made by John McCaffrey, of Lawrence, Mass.
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slowly and uniformly to the right until the roller is removed.

If the other roller is used, it moves in the same manner, but in

the opposite direction.

The action of this belt shifter, in starting a line of shafting

into motion, is much to be preferred to that of any friction

clutch, it being exceedingly uniform, smooth, and free from

jar.

118. It is undesirable to run a loose pulley for any length of

time, however, under heavy belt pressure. Each head shaft, on

which the tight and loose pulleys are mounted, should be

coupled to the line which it drives with a flange coupling,

having a plate about | inch thick between the two flanges.

When it is desired to stop the line of shafting for several hours

in succession, the belt should be temporarily shifted onto the

loose pulley, the flange coupling should be opened and the dis-

tance plate removed, and the belt shifted back onto the tight

pulley where it can run without danger from cut or hot bearings.

A starting and stopping device of this sort is as durable and

gives as little trouble as any part of the shafting.

119. As shifting belts are ordinarily used, they are injured as

much by running partly on the tight and partly on the loose

pulley as from any other cause. It is, therefore, of great im-

portance that each ordinary forked belt shifter should be pro-

vided with some appliance for insuring the belt being either

entirely on the tight or the loose pulley.

We have found a simple and effective plan to be that of

cutting two V-shaped notches in the edge of the slide to which

the forks are attached, the same width each at the top as the

face of the pulleys, and pressing a male V down into these

notches with a light spring, the sides of the notches being made
so steep that the male V could rest nowhere but at the bottom

of one or the otlier of its mates.

120. Belts should be cleaned and greased every five or six

months, just enough grease being put on to keep the surface of

the belt moist and prevent it from cracking. It was found in

the above experiment (see 13) that every three mouths was

oftener than belts required greasing.

121. Belts will last well if repeatedly tightened under a

strain of 7 1 lbs. per inch of width of double belt, ec^uivalent to

239 lbs. per square inch of section. (See 46 and 47.^ It is

evident, however, that they will not maintain this tension for
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auy leugtli of time while working, siuce, as sliowu in the table,

they fell to one-half this tension in about two and one-half

months. (See 48, -19, and 56.^

122. It is very important for the life of belts, as well as to

ayoid excessive friction in the bearings, that they should not

be overstrained (see 68 to 73
)

; therefore, where the conditions

permit, belt clamps should be used which are provided with

spring balances for weighing the exact tension to which the belt

is tightened, and a table should be carefully figured, indicating

the strain to which each belt in the establishment should be

tightened.

In many cases, however, it is impracticable to use spring-bal-

ance belt clamps in tightening belts, and in such instances it

has generally been customary to guess at the amount of belt to

cut out ; and the results of this guessing often prove disastrous

both to belts and bearings.

On examining items 57 and 58 in the table, we note that

the cone and shifting belts stretched respectively jV^ ^^^ frU of

one per cent, of their lengths between the times of their tight-

ening, and from this we deduce the following rough rule as an

aid in determining the proper amount to shorten belts :

It is safe to shorten a double belt ^ inch for every ten feet of

length, if it requires tightening, when working according to the

ordinary rules under a total load of 111 lbs. per inch of width,

and giving an effective pull of 65 lbs. per inch of width.

If it works under a total load of 54 lbs. and effective pull of

26 lbs., it is safe to shorten the belt one inch for every ten feet

of length.

123. Serious repairs to belting, as well as to all other

machinery in a mill, should be j^revented as far as possible by
systematic and careful inspection at regular intervals, and the

writer has found a tickler, having a portfolio for every day in

the year, from which reminders to inspect and examine are

issued daily, an invaluable aid in caring for the machinery of

an establishment. With this method, a belt should rarely slip

or give out while in use, and most rej)airs can be made out of

working hours.

124. Much time is saved by having all of the repairs and
adjustments to belting made by one or two men. A day laborer

can soon be taught to repair belting after working hours, and do
it much more thoroughly and systematically than if it is attended
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to by the high-priced men who run the machines during working

hours.

125. In figuring the probable running expenses of an estab-

lishment, it is frequently desirable to know about what the

yearly belt bill will average.

Items 32 to 41 inclusive cast some light upon the subject,

and we find this information summarized in item 42. Here we
see that if belts are tightened according to the ordinary rules,

so as to drive 65 lbs. j)er inch of width of double belt, the cost

of all labor and materials used in their maintenance and repairs,

added to the cost of renewals as they give out, through a term

of years, will amount j^er year to 37/< of the original cost of the

belts. These belts were treated with exceptional care, so that

in most establishments the cost would be greater than this.

If, however, the belts are tightened so as to transmit 26 lbs.

per inch of width, the annual cost of maintenance and renewals

only amounts to 14;^ of the first cost, and probably less.

DISCUSSION.

3Ir. Henry B. Toione.—This paper is of such unusual character

and contains so much of value that I am prompted to briefly

discuss some of its important features, my interest in its subject

dating from 1868, when, at the instance of my friend, the late

Robert Briggs, I undertook a series of experiments to determine

the coefficient of friction of belting.

The present paper is modestly entitled "Notes on Belting,"

but could more fittingly be described as a treatise on the practi-

cal use of belts. Its thirty-four pages contain more new and

useful information relating to the efficiency and economy of belts

than is to be found in any other paper which has come to my
knowledge. The paper is further remarkable as covering the

record of an unusually large series of experiments, inaugurated

on an intelligent and exceptionally comprehensive plan, and

subsequently consistently carried out during the extraordinary

period of nine consecutive years, under conditions not of the

laboratory but of actual practice.

An excellent feature of the paper is the mode of presenting

the results of the experiments it records, which is so condensed

and pithy as to make it difficult to discuss its contents briefly.
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The text of the paper is so full of pertinent and suggestive facts,

iu such condensed form, as to make it easier to quote from it

than to criticise or review it. Perhaps the most salient fact,

and the most important conclusion of Mr. Taylor's argument,

relates to the value of increased thickness of belts, and to the

larger and more general use of double belts. Whereas formerly

it was supposed that pliability was desirable, and that therefore

wide thin belts were better than narrow thick ones, the paper

asserts the contrary, explains the reasoning on which this

assertion is based, and adduces the evidence of experience to

prove it.

Having established this point, the paper then presents rules,

and the experience on which they are based, governing the

conditions under which thick belting can most efficiently and
economically be used. These rules pertain less to the theory

than to the jjractice of belting, and cover the questions of speed,

diameter of pulleys, modes of tightening, distance of pulleys

apart, kind and frequenc}' of dressing, methods of lacing, and

the efficiency of different kinds of belting. Previous investiga-

tions have dealt rather with the theory of belting than with the

question of economy in its application and use. One of the

most valuable features of Mr. Taylor's work consists in deter-

mining the conditions of application and use of belting which
conduce to the lowest ultimate cost. In other words, his investi-

gation carries the subject through the field of mechanics into

that of economics, and reduces the equation finally to a com-
mercial form. However much the theoretical questions involved

may interest the student and engineer, the commercial facts are

those which chiefly interest and concern the mill manager and
owner. In this, as in similar cases, the work of investigation is

not completed until it has been carried to a point which includes

both mechanical and commercial factors.

Mr. Taylor's conclusions are based upon the record of ob-

served facts gathered during a period of nine years, and relating

to the belting used under various conditions of actual service in

the works of the Midvale Steel Company. The test was pro-

jected when the system of belting and shafting was designed.

The experiments have thus been based on certain predetermined

conditions, which have been consistently maintained from the

beginning to the close of the period of observation. These con-

ditions are those of ordinary practice, and, providing they cover
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a sufficient range of cases to constitute a fair average, are better

for the present purpose tlian the conditions existing in the case

of laboratory experiments, which form the basis of discussion

of most other writers on this subject.

The work of previous investigators has related chiefly to

determining the coefficient of friction. Noting the wide dis-

crepancy in recorded observations on this point, Mr. Taylor has

wisely refrained from further investigation of it, and has directed

his observations and reasoning to the other elements involved,

and for the purpose of arriving at rules for obtaining the best

practical and commercial results. The records show that the

coefficient of friction is itself variable, and depending upon the

kind of belt, the condition of its surface, and other variable

factors. Hence it follows that, in most cases, it is practically

unnecessary to consider the coefficient of friction at all, the

other more important factors which determine the proper condi-

tions of use, especially those conducive to the best economy, and

which determine the transmitting efficiency, being such always

as to preclude any slipping of the belt.

Mr. Taylor attaches great importance to the question of maxi-

mum tension, and urges the adoption of methods which will

restrict this within certain definite limits, which he has endeav-

ored to determine. The importance of adopting means for

determining and limiting the tension of belting is indicated in

the statement in the paper, based on observed facts, that the

maintenance and repairs of belts tightened according to the

ordinary rvile amounted in one year to 37 per cent, of the cost

of the belts, while this cost was reduced to only 14 per cent,

when the belts were tightened according to Mr. Taylor's rules.

Mr. Taylor properly gives much consideration to the question

of economy in time of men and machines by using belting in

such way as to secure the maximum freedom from interruptions

to manufacture due to this source. In this, as in other details,

his rules aim to secure results which are not only the best

mechanically, but also commercially. The evidence submitted

sustains the assertion that to obtain the highest economy in

belting it is necessary to limit both the initial tension and the

total load to a point much below that fixed by former rules, and
which Mr. Taylor has sought to deduce from his observations.

To accomplisli this reduction he resorts to the use of double

belting, adduces facts tending to show that this can be used on
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pulleys as small as twelve inches in diameter, and shows that,

for most uses, double belting is not only as available as single,

but in many respects better, more desirable, and more eco-

nomical.

He sums up his conclusions by the statement that the most

important factor in determining the life of belting, and its cost

for maintenance and repairs, is the total load to which it is sub-

jected, meaning thereby the pull per square inch of cross sec-

tion. Other things being equal, therefore, the life and economy
of the belt will, up to a certain limit, vary directly with its

thickness. The conclusions on this point are that the point of

best economy of total load lies between 174 lbs. and 357 lbs.

per square inch of cross section. Mr. Taylor states that he has

adopted a limit from 200 to 225 lbs. If his other conclusions

and rules are adopted, further observation and experiment may
well be addressed to a closer determination of this factor, in

order to either verify the correctness of Mr. Taylor's conclu-

sions, or else to indicate a new and better value for adoption in

practice.

In effect. Mr. Taylor has thus accomplished a change of base

which implies that future work should follow a new line of

investigation. Heretofore experimental Avork has been directed

chiefly to determining the coefficient of friction. Hereafter it

would seem that such w'ork can be best addressed to determin-

ing more accurately the total load per square inch of cross section

which will insure the greatest economy. This change of base

is siiggestive of the similar change which has occurred during

recent years in investigations relating to the strength of metals.

Whereas earlier investigations sought to determine their ulti-

mate or breaking strength, it is now found to be much more use-

ful to determine accurately their elastic limit. Since present

practice is based upon the latter condition, and the question

of ultimate strength thus becomes of minor importance, Mr.

Taylor's investigations indicate that, in like manner, the limit-

ing factor in the use of belting is the total load per square inch

of cross section, and that if this condition is properly adjusted

the question of friction will take care of itself, and becomes a

minor issue.

In conclusion it is well to repeat again that the paper is so

full of pertinent and interesting facts as to make it impossible

to review it fairly without practically transcribing the paper
16

"^
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itself. Tlie latter, therefore, should be read carefully and in

full by every one interested in the subject and desirous of avail-

ing of the latest knowledge as a guide to practice.

Mr. William Kent.—The most notable feature in Mr. Taylor's

paper is the great difference between his rules for proper pro-

portioning of belts and those given by earlier writers. A very

commonly used rule is, one horse-power may be transmitted by
a single belt one inch wide running x feet per minute, substitut-

ing for X various values, according to the ideas of different

engineers, ranging usually from 550 to 1,100.

The practical mechanic of the old school is apt to swear (as I

have heard them do on the witness stand) to the figure 600 as

being thoroughly reliable, while the modern engineer is more

apt to use the figure 1,000. Mr. Taylor, however, instead of

using a figure from 550 to 1,100 for a single belt, uses 950 to

1,100 for double belts. If we assume that a double belt is twice

as strong, or will carry twice as much power as a single belt,

then he uses a figure at least twice as large as that used in

modern practice, and would make the cost of belting for a given

shop twice as large as if the belting were proportioned accord-

ing to the most liberal of the customary rules.

This great difference is to some extent explained by the fact

that the problem which Mr. Taylor undertakes to solve is quite

a different one from that which is solved by the ordinary rules

with their variations. The problem of the latter generally is,

" How wide a belt must be used, or how narrow a belt may be

used, to transmit a given horse-power? " Mr. Taylor's problem

is,
'• How wide a belt must be used so that a given horse-power

may be transmitted with the minimum cost for belt repairs, the

longest life to the belt, and the smallest loss and inconvenience

from stopping the machine while the belt is being tightened or

repaired? " The two problems are just as different as those we

have sometimes to solve in reference to boilers and engines. If

we have a saw-mill where fuel costs nothing, our boiler and

engine will cost us a certain figure for a given horse-power ; but

if we have a cotton-mill where coal is expensive, and tlie boiler

and engine are designed to economize coal, they will cost twice

as much for tlie same horse-power as those at the saw-mill.

The difference between the old practical mechanic's rule of a

one-inch-wide single belt, GOO feet per minute, transmits one

horse-power, and the rule commonly used by engineers, in which
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1,000 is substituted for 600, is clue to the belief of the engineers

not that a horse-power could not be transmitted by the belt pro-

portioned by the older rule, but that such a proportion involved

undue strain from overtightening to prevent slipping, which

strain entailed too much journal friction, necessitated frequent

tightening, and decreased the length of the life of the belt.

Mr. Taylor's rule substituting 1,100 feet per minute and

doubling the belt is a further step, and a long one, in the same
direction. Whether it will be taken in any case by engineers

will depend upon how they appreciate the extent of the losses

due to slippage of belts slackened by use under overstrain, and

the loss of time in tightening and repairing belts, to sucb a

degree as to induce them to allow the first cost of the belts to

be doubled in order to avoid these losses.

I regard Mr. Taylor's paper as a most important addition to

the papers on the subject of belting already printed in our

Society's transactions. It records the only systematic series of

experiments on belts in actual use extending over a period of

years of which I have any knowledge. His conclusions, while

in some cases they may be modified after longer experience,

should be accepted, unless they can be overthrown by results

of other experiments conducted with equal care for an equal

period of time.

The question may be raise 1, why, if Mr. Taylor's rule (using

1,100 for the factor for a double belt) is correct, has it been
found possible to do so well in practice with a belt proportioned

according to the older rules, with a factor of only 550 for a

single belt, which older rule would give a belt only one-fourth

the sectional area of one proportioned by Mr. Taylor's rule ?

The answer is that in many cases belts which were designed
under the old rule are really running under Mr. Taylor's rule.

That is, a belt proportioned for and estimated to be driving

four horse-power is really driving only one horse-power. A.

belt is usually, in the millwright's practice, made wide enough to

drive the machine at the maximum power expected or guessed
to be required at any time. If the belt were actually required
to transmit the horse-power continuously, it might require

tightening once a month and be worn out in two years ; but
having to transmit the maximum jDower only occasionally, for

brief intervals, and averaging a power only one-fourth of the

maximum, it may require tightening only once a year and last
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twenty years, and be used as an eminent example of the merits

of the old rule.

It is to be hoped that since Mr. Taylor has shown how to

make a nine years' test of belting, that others of our members
will carry on a similar line of experiments, and that ere many
years we may be able to collate the results into a series of rules

that may find general acceptance and put to an end the confu-

sion in which the subject of belt projDortioning now rests.

J//'. J, H. Coojoer.—It is true, as stated by the author of these

notes, that nothing seems more simple than belt problems. The
mass of data here presented, and the considerable collection in

Use of Belting, show the belt subject to be a very complex

one. It may be truly said that continued and deeper study of

any subject brings new properties to light, finds difi"erent rela-

tions and bearings of them, and frequently shows the necessity

of revising the existing formula? and rules of application. In

this particular the " best practice " is made better by the last

experimenter, if he have gone beyond the confines of existing

knowledge and experience.

I have not found all belting rules based upon their maximum
efficiency ; very plainly there are judicious checks upon this.

Within the limits of usual conjecture, it is fair to assume that

with the empiric, generalizing from the narrow limits of his prac-

tice ; the dealer, interested chiefly in selling the widest belts

;

the buyer, who looks mainly to the economies of cost, transmis-

sion, and maintenance ; and the theoretic, applying his formulae

to principles of action, there would be very wide divergences of

result and rule. But the exhibit in Use of Belting shows a

rather unexpected nearness of agreement among the means of

the extended list given which largely prevail in number. There

is abundance of statement about them to prove that nearly all

the rules have a liberal factor of safety, and do not punish the

material beyond acceptable limits.

But just here I wish to emphasize the importance of Mr.

Taylor's experiments, which shoAv the effect of constant hard work

on belts, and the consequent necessity of reducing the load upon

them. Therefore, rules which may include occasional excessive

strains must be modified to suit cases where such strains are con-

stant ; so it is again proven that the material will give its own
rule if it be piit to tlie test. This Mr. Taylor has effectually done.

The low working tension u)>on belts found most efiective by
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Mr. Taylor proves a substantial origin of those rnles based upon
a working tension of from 19 to 30 lbs. per inch of width, as

recorded in l\^e of Jidtiug. These rules may have been derived

from lengthened actual trials, proceeding upon the ancient slow

and sure plau rather than upon the modern high-pressure

principle of action. Mr. Taylor's note on the effect of centrif-

ugal force upon belts during high speeds, by which the tension

must be increased to keep the belt in contact with the pulley,

which in turn necessarily shortens the life of the belt, is worthy

of attention. Also his query as to when a belt is worn out ; how
often a penny-wise-and-pound-foolish economy keeps patched-up

belts, always breaking, to the loss of output of the machine as

well as of the temper of the operator.

I\[r. Taylor's method of tightening belts by separating their

pulleys is a very good one, but cannot always be carried out in

the design and installation of machines. In many cases, how-

ever, as is done with dynamos, such devices might be incorpo-

rated in the plan of the machine.

There is a general neglect in the workshop of best fastenings

and best care-taking of belts, notwithstanding the abundance of

published and prevailing advice about these matters. The
means of " securing the least possible interruption to manufact-

ure " by belt failures involves a position well taken by Mr.

Taylor, wherein he has developed one of the less known features

of the use of belting.

In reference to the weight and speed of belts, the general

belief is in favor of those which are light and swift running ; and

to secure the best economy of them their pulleys must be

properly proportioned in diameter and face to suit the needs of

the belt. There must be uniformity of belt section and weight,

and well-balanced parts everywhere while running.

Economy in the construction of the machines themselves, apart

from the belts which drive them, may favor the machine more
than the belt. The maximum output of the same may therefore

throw unusual strain upon the usnal belt with which it is

8U[)plied.

Mr. Taylor's experiments may have been upon just such

machines, in which case a general rule cannot be formulated

from these and like special results. There is no question, how-
ever, in the belt element, about the greater expense being that

of loss of time, and the consequent loss of production of the
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related machines. A belt best proportioned to the work it has

to do, and if well cared for, will not be likely to fail early in its

life. Mr. Taylor's experience, as related in these "Notes,"

proves the lack of belt power for driving machine tools, es-

pecially under severest conditions, and this may be stated as a

matter of frequent observation.

Experiments with belts as usually made are of short duration,

intended chiefly for ascertaining some desired phenomena of

belt action, and it is also the fact that a very small number of re-

corded trials have been extended through long periods of time.

Use of Belting, however, does record the experimental researches

of M. Leloutre, a French engineer, who conducted an extensive

series of tests of belts in actual use in the mill through a period

of a dozen years or more, in connection with important works

which he had in charge. These researches were upon the stretch-

ing, the elasticity, and the resistance to rupture of belts of leather,

gum, and cloth ; upon the slipping of belts and ropes, and upon
the transmitting power of belts. This engineer also says that

" the care of stretching belts should never be left to workmen ;

"

that dynamometrical forceps should be used, by which a known
tension can be put upon belts when they are laced or joined.

Much was proven by this engineer, but there yet remained

to be established the commercial value of belting considered

simply as an organism for transmitting force from one part of

a system of machines to another. Mr. Taylor's experiments

largely supply this need, covering this ground in considerable

thoroughness, giving us also quite an array of carefully con-

ducted and profusely exemplified facts and data.

The true economics of belts, as of anything else, can only

be derived from the long use, which mostly brings in elements

fraught with certain results not developed by trials conducted

through short periods of time.

Mr. Taylor's belts were of best known materials and make

;

they were well cared for, were properly stretched and loaded.

From such completeness of provision and management we should

expect conclusive results, since Ave are certain that " nothing

imperfect is the measure of anything." Mr. Taylor's experi-

ments exhibit belts as they really are, not as one may think they

ought to be ; they tell of bolts, much as belts would say if they

told us, on the principle tliat " the best knoAving comes from

the best doing," the practical quality of a thing being that

I
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which we must have if work is to be done ; and the data of actual

performance points out the shortest road to successful use.

Jlr. W^. S. Bogers.—I do not think the conclusions and deduc-

tions in this paper will bear adoption in all shops, at all times,

and under all conditions, without serious consideration of all

surroundings and financial possibilities.

As the author has confined his paper to machine-shop prac-

tice, it would be unfair to go outside of this field, so that I con-

fine my remarks closely to the conclusions from his nine years'

experience. His statement in article 20, that the records of

many of the individual belts are erratic, so that it is only by a

series of averages that we can arrive at any reliable conclusion,

is such a serious contradiction of the statement in article 15, as

to an accurate account of every item of expenditure, as to throw

discredit upon the safety of applying his rules in any given case.

The special problem before the engineer may turn out to be a

specimen of an erratic case.

I also want to dispute the author's statement that in starting

new shops serious hitches are always to be found. I do not

think this is fair to our machine builders.

I have never foiind any difficulties whatever, and I have never

done anything but fool around machinery all my life. I have

started several new shops, and have had the pleasure of seeing

the inside of perhaps ten thousand others while rambling over

our country, and I never hear of any hitches or troubles, pro-

vided the men in charge of it recognize the fact that it is a

new infant, and care must be used until " the corners are worn
ofi"," and that it cannot be put into hard service at once. No
railroad man would think of putting a locomotive just built into

fast passenger service. If he did he would have a " hitch." In re-

gard to the time lost in shops by belts giving trouble, I will admit

that the saving of time is the one great object of importance in

all shops, but the great percentage of time lost and wasted in

manufacture is not traceable to troublesome belts and machinery

and workmen, half so much as it is to foremen, superintendents,

and managers devoting too much of their time to other matters,

instead of seeing that dividends are earned, and the men under

them led on to greater achievements and more profitable results

regardless of personal hobbies.

Referring to article 64, 1 have found in my experience, taking

the running conditions of the two kinds of belts in daily service,
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without comparisons as to length as mentioned in article 65,

that horizontal running shifting belts in machine-shop work
usually last about five times longer than the vertical cone belts,

while in wood-working plants, where the service is harder and

more furious, they last only three times longer than the vertical

belts. The chief reason why the shifting belts last so much
longer than those used on cones is that cone belts have about

three times more work to do and receive about ten times more
abuse while doing it than their brethren who drive them. I

know of nothing more destructive to belting in service than cone

steps, and the methods used for shifting belts on them. There

is one point in regard to the life of belts which we seem never to

take into consideration when discussing their extended or abbre-

viated lives, and that is the temperatures through which they

have to pass in performing their functions. I have found that a

belt running through varied changes of temperatures will cause

considerable more trouble and obstruction to manufacture and

have a much shorter life than one running under more favorable

conditions.

In article 71 it is said that " the small difference in the lengths

of the belts, however, would not at all account for the great su-

periority of the shifting belts, and this advantage, it would seem,

must be much more than overbalanced by the fact that the shift-

ing belts ran about twice as fast as the cone-belts, " etc. Con-

sulting the table, I find this "small difference" to be slightly

over 60 per cent, in favor of the shifting belts ; and as it is stated

in the last part of this same article that " the relative speeds of

belts have but little effect on their durability," I cannot see just

where the " overbalanced " argument comes in. Practically, I can-

not see how the fact stated in the last paragraph of this article

proves anything whatever, except that l)elts running under dif-

ferent circumstances and conditions display greater or less du-

rability, and cause more or less trouble, as the cases may vary.

On page 223, at the top, in speaking of the exact point of ten-

sion at which belts were just able to do their work, the author

says this point was fixed by each belt for itself, by giving indi-

cations that it was about to slip seriously. Now I would like

to ask what that sign or indication is ? The only evidence I

have ever been able to gain from a belt as to its intentions to slip

was after the slip took place. In this same paragra})h we read

that "the shifting belts rarely if ever slipped," and bearing this
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ill miiid, I read on in the next paragraph in regard to the shift-

ing belts, " that they were taken up because they had stretched

so much that they began to jump and flop about so as to endan-

ger damaging themselves." Now I have always found that a

belt was slipping considerably when its actions were as here

described, and the tension was about zero ; and not only is it

damaging itself, but it is also injuring the smaller belt it is

to driving, a certain extent.

On page 226 the author states, in paragraphs 80, 81, 82, 83, and

84, the rules he has adopted and used for several years, and when
I come to No. 83 I make a few figures to see how I would have

come out in equipping my plant this autumn, provided T had

followed these rules.

My three line shafts have a rotative speed of 200 revolutions

per minute, which is a little above the average in machine-shoiD

practice ; to have obtained the economical belt speed called for

in paragraph 83 I would have been compelled to use jDuUeys

seven feet in diameter, and hangers having forty-five inches drop

at least. As the ceiling is 16 feet from the floor (which is a foot

or two more than usual practice in the great majority of manu-

facturing shops ), the lower side of the belt would have been only

9 feet 9 inches from the floor. If I had belted to a heavy boring-

mill, whose countershaft pulleys are only 28 inches diameter,

and are figured to run at 125 revolutions per minute by the

builders, I find that I would have required tight and loose pulleys

over eleven feet in diameter, and the tool builders would have

had to also furnish me with hangers for the counter having (J feet

drop. This would have brought the lower side of the counter-

belt to within 5 feet of the floor ; and should I have carried this

plan out all through the plant, I should have had to rent space

elsewhere to work in. To have run a triple-cylinder moulding

and flooring machine, and carry the belt speed of 4,000 to 4,500

feet to the countershaft, whose builders call for a pulley speed

of 1,000 revolutions per minute, I would have required 16-incli

pulleys on the counter instead of the 10-inch ones furnished. My
shafting and hangers would also have had to be much stronger

to carry this excess weight, and the first cost would have given

the stockholders paralysis.

Referring to the third paragraph in article 113,1 must beg leave

to difi'er most emphatically. Friction clutches, given the same
care and attention that is, or rather should be, expended on loose
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pulleys and belts, will give more satisfactory results on the belt-

ing and throughout the shop generally. I would much rather

have the wear and burn from slow starting come on the wooden
shoes of the clutches than on the belting. The wooden shoes

are cheap, and easily replaced when the life is woi-n out of them
from frictional slipping, while I know of no way of putting it

back into the belt. Friction clutches are superior things in case

of accidents, as has been proven thousands of times for the

benefit of employer and employee, and machinery as well.

On page 234, article 112, the conclusions drawn and the

reasons therefor again have set my arithmetic in motion ; but

before I get to figures I would like to say that a belt so

poorly made or in such condition as to require 25 per cent, extra

width of pulley to chase itself on would not be in service long

in a plant under my control, as I take just as much j)ride in

the appearance of things in general as I do in their utility.

The market jjrices in competition to-day for a large driver

and tight and loose pulleys, calculated according to this con-

clusion, would be as follows, using an 18-inch belt :

Driver, 10 ft. diam., 10 in. bore, 50 in. face.. . . $400, weight 13,000 lbs.

Tight pulley, 7 ft. diam., 25 in. face, 5 in. bore 97, " 2,100 lbs.

Loose pulley, 7 ft. diam., 25 in. face, 5 in. bore 115, " 2,200 lbs.

Total cost and weight $612, 17,300 lbs.

The cost, according to general practice for the same drive,

would be as follows :

Driver, 10 ft. diam., 10 in. bore, 40 in. face. . . $365, weight 10,000 lbs.

Tight pulley, 7 ft. diam., 20 in. face 90, " 1,900 lbs.

Loose pulley, 7 ft. diam., 20 in. face 108, " 2,000 lbs.

Total cost and weight $563, 13,900 Ib.s.

Excess cost and weight per conclusion 4 $49, 3,400 lbs.

In both of these estimates the drivers have double arms, and

the loose pulleys have metallic bushings.

Estimating for the same sized belt drive, and using one of the

best friction-clutch pulleys on the market, we have the following

figures

:

Driving pulley, 10 ft. diam., 10 in. bore, 20 in. face. $150, wt. 6,000 lbs.

Friction-clutch imlley, 7 ft. diam., 20 in. face 285, " 4,000 lbs.

Total cost and weight $435, 10,000 lbs.

Saving in first cost and weight in favor of friction

pulleys over conclusion 4"s method $177, 7,300 lbs.
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The 8177 would keep the clutcli in repair for more than ten

years, and the economy in eliminating nearly four tons of dead

weight at this one point alone would be shown up daily in the

furnace-room. By the way, of what real use is the advice given

here without the data of coal consumption and water evapora-

tion from the engine and boiler-rooms ?

On page 231, in article 98, the comparison of rope driving with

heavy belt drive, as showing the advantages favorable to thick

belts, is hardly fair, I think, as the action of a 2-inch rope in

service is very different from that of a flat belt.

Taking a run through the conclusions the author has drawn,

I find the first one averages about the same as those in the text-

books. I differ with No. ?> by thinking that 30 to 35 feet between

centres is best practice. No. 4 I have already found fault with.

I know of cases contrary to the conclusion in No. 7, the homeliest

illustration being driving the foundry rattlers. My experience

has not been so exact as to say that triple belts must always be

used down to 20-inch pulleys. In truth, unless the case was
excej)tioual, I would not use them under 42 inches. Referring

to conclusion 10, I would say that I have tried this method of

belt tightening, and I have also tried moving the machine away
from the counter, and of the two miseries the latter possesses

a little more merit, to my way of thinking. When machine
builders make their countershaft hangers with adjustable bear-

ings for this purpose, it will be well ; but loosening up a counter,

removing the wedges, and realigning and allowing the tension

of the horizontal belt to change, in order to tighten the cone

belt, is not a mechanical method. No. 14 is the old Scotch mill-

wright's rule in another form :
" An inch to every ten feet in new

belt, boy, and half an inch for every ten foot afterward." Con-

clusion. No. 34 I have previously disputed ; there is nothing

more convenient, neater, and easier of manipulation about a

machine counter than a properly made and simple friction

clutch, decently cared for.

In conclusion 2, page 205, we are told that 4,000 to 4,500 feet

per minute is greatest economy ; and on page 212, paragraph 3,

the writer's judgment is that we should lower the speed and use

heavier belts to reduce belt bills, although it is stated elsewhere

that high speed shows no effect on the durability of belts ; and
on page 226, article 83, he states his practice for several years.

Now, I would ask, what is high speed and slow speed ? I don't
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think that, after leaving the prime movers, there is any machine-

shop that I know of whose main-line shafting is running at a

velocity sufficient to give the belt speeds called for in this

paper.

Mi\ Robert Cartioright.—It strikes me that the author is unwise

in attempting to reduce his observations from machine-shop

practice into rules which he seems to suggest for universal

application. AVe are not all running machine shops, and for

siich locations as damp wheel-pits, and places where the belt

to day is three inches longer than it will be to-morrow, he would

appreciate the reluctance with which any rule can be accepted.

I have belts under such circumstances, 24 inches wide, driving

shafts 90 feet between centres, and for a case like this nothing

but the belt tightener will answer at all. Even this has to be

set up to-day and loosened to-morrow by reason of changes in

the hydrometric condition of the air.

In paper mills, uo theory for a relation between strain and

durability of a belt can go for anything, by reason of the rapid

deterioration and destruction of belts in the atmosphere of such

mills. The lime constantly present in the air proves very de-

structive, and so also does carbonic acid in the air of a black-

smith shop. In both of these cases there can be no comparison

with the conditions prevailing in a well-ventilated machine shop,

where also there are no extremes of temperature.

The position, also, of a belt has much to do with the condi-

tions for its satisfactory running. I have belts driving dynamos
which I have had to place vertically, and in these cases a large

element to be taken into consideration is the gravity weight of

the belt itself, and often the speed of the belt is fixed by other

conditions than a choice according to rule.

I have belts running at 4,50<> feet to 7,500 feet i^er minute in

dynamo service, and I have 5-iucli shafting at 350 revolutions,

and 4-inch shafting at 440 revolutions, per minute. It does

not therefore commend itself to my judgment and experience to

formulate rules for economical speed when an engineer is so often

called to run belts in every direction, in all kinds of temperature

and for all sorts of service. My belief is that every case is to

be governed by its surroundings, and the judgment and experi-

ence of the engineer miist be mainly relied upon rather than

formulated rules.

il/y. Wilfred Leiois.—However opinions may differ as to the
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wisdom of the conclusions arrived at in this paper, the value of

the facts presented can hardly be overestimated. They repre-

sent an amount of labor and care over an extended period of

time which is rarely bestowed upon any subject, and the conclu-

sions reached are therefore worthy of the most serious con-

sideration. They should not be judged hastily, nor from a

different point of view than the one distinctly stated in the

paper.

The author states that " in using belting so as to obtain the

greatest economy and the most satisfactory results " certain

rules should be observed, and it is no argument to contend that

in applying these rules other sources of expense will be in-

creased.

It is right and proper that other questions should be con-

sidered before giving way to the dictates of economy in belting,

but there is no need of confounding the belting question with

any other, as some of us may be inclined to do from the first

glance at these conclusions.

For example, the second conclusion is a natural deduction

from the first, and in fixing the belt speed for maximum economy
at 4,000 to 4,500 feet a minute, no claim is made that all belts

should run at that speed, regardless of other consequences.

But so far as economy in the use of the belting itself is con-

cerned, the conclusion means that all belts should run at that

speed to transmit the maximum amount of power. This conclu-

sion is certainly borne out by the facts given, and the cost of

pulleys and shafting has nothing to do with it. That is another

matter that must receive attention before the belt speed is

finally determined, and it would be absurd to regard pulleys

and shafting as the subject under discussion.

Conclusion No. 4, that the faces of pulleys should be about

25"c wider than their belts, likewise refers to economy in belting

and not to economy in pulleys, or the combined econom}- of

pulleys and belting. Whether or not such an unusual increase

in the width of a pulley can be afforded must frequently be de-

termined by other considerations than that of belting ; but that

such an increase in width will be advantageous to the life of

belting can hardly be doubted.

Conclusion 5 is the result of experience which is rarely en-

countered in machine-shop practice.

Conclusion 7, that belts made thick and narrow are better
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than wide and thin, confirms the writer's theory that this should

be the case ; for if a belt | inch thick runs well on a pulley 1

foot in diameter, a belt 1 inch thick should run just as well on
a pulley 4 feet in diameter | and by following the advice given

in conclusions 8 and 9, the space occupied by belting may be

reduced below ordinary practice while still retaining the extra

width of pulley called for in conclusion 4.

An objection might be made on theoretical ground to the loss

of power in bending and unbending a thick belt over a thin one

;

but this is a small matter, which is probably more than offset

by the lesser air resistance of a narrow and thick belt over a

wide and thin one.

Conclusions 10 and 11 may be admitted without question,

and the twelfth conclusion need not be judged by one who has

not given it a fair trial.

As few persons will care to go to the trouble of weighing

their belt tension, as suggested in conclusion 13, the next con-

clusion as to the amount of shortening is probably of more

interest and value to practical mechanics.

Conclusions 15 and 16 will not be doubted, and conclusion 17

is of interest as indicating a limit to sustained tension.

Conclusion 18, stating the fall in tension to be expected under

the ordinary rules for belting, and the following conclusions

19, 20, and 21, contain the pith of the argument for lower belt

tensions than are generally used, and indicate the laborious

character of the work leading to them.

Hitherto the load to be carried by belting has been deter-

mined from its tensile strength by some arbitrary factor of

safety, while the results here given are based upon its elastic

limit, if stich a term can be applied to belting, and the cost of

maintenance and repairs under the difi'erent loads is a matter

of the greatest interest and importance.

Conclusion 22, that the total life of belting depends upon

the total load carried rather than the work done, is somewhat

surprising, and emphasizes the importance of light tension and

high speed to attain the greatest duty.

From conclusion 23 it appears that the bending and unbend-

ing of a belt by rapid motion over pulleys has but little effect

upon its life, and it must be inferred tliat whatever loss is found

in speeds higher than 2,500 to 3,000 feet is due to some other

cause than simple bending.
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The whip-like action which takes place at vtry high speeds

has no doubt a great deal to do with the wear and tear, but by

thickening the belts in proportion to their width, as suggested,

there seems to be good reason to believe the life of belting will

be increased.

The data given in conclusions 24, 25, and 26, on the cost of

maintenance and repairs, are original and conclusive. The argu-

ment presented for the lighter loads is so thoroughly practical

that further evidence of the same kind is needed to make
reply.

The acceptance of these conclusions does not necessarily lead

to larger pulleys and more expensive plants, as might at first

appear. The burden of the whole argument is for thicker, not

wider belts, and such other conditions as will give the greatest

economy for the money expended in belting.

Conclusions 27, 28, and 29 are interesting facts concerning the

stretch in belting w'hich have not been generally observed or

noted by previous writers and experimenters.

Conclusions 30 and 31, on the interruptions to manufacture

caused by overloaded belts, are not only of great practical

importance, but they suggest another side of the belt question

which has never received the attention it deserves.

Conclusion 32, in regard to the best type of belting, is a

statement worth noting.

Conclusion 33, in regard to large shifting belts, can be

admitted by the writer, but he is not prepared to accept the

following conclusion, that shifting belts are much to be pre-

ferred to cut-off coupling or friction-clutch pulleys for throwing

heavy lines of shafting in and out of use. Under the condition

of constant running night and day, experienced by Mr. Taylor,

the case may be different ; but as far as the economy of belting

is concerned there can be no doubt of the value of friction

clutches.

The form of belt shifter described in conclusion 35 has been
found in the writer's experience to be the only satisfactory

method of shifting wide belts.

In reviewing this paper, the most prominent characteristic is

the practical information obtained upon new and original lines

of investigation.

What little theorizing is indulged in is based upon abundant
experience, or upon rigid mathematical deductions.
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Possibly the conclusion in regard to maximum speed may be

regarded as theoretical rather than practical in character, but

this does not affect its truth, which can easily be demonstrated

in either way.

An interesting case in point occurred in the writer's expe-

rience on a cold-saw, driven by a belt running in the neighbor-

hood of 8,000 feet a minute. No matter how tightly the belt

might be laced it would soon stretch and fail to drive at that

speed, but by reducing both the driving and driven pulleys in

diameter, without altering the width of the belt, it was found

that more power could actually be transmitted at a slower

speed.

On the whole, the conclusions reached in tJiis paper, although

not claimed by the author as finalities, appear to be supported

by the strongest kind of evidence, and in the opinion of the

writer the thanks of the Society are due to Mr. Taylor and the

Midvale Steel Company for the valuable results of their labor

and painstaking care.

Mr. Carlefon W. Nason.—In reading the author's paper a day

or two ago there was one feature in the stretching of the belting

which was not very clear to me. He states that under spring-

balance tension he draws his clamp so as to give it a pull of

71 lbs. per inch of belt width. Now, if there is very little

friction or load on the countershaft, it is quite apparent that

the tension will be immediately transmitted to the other side

of the pulley, where the belt will also have the same ten-

sion.

When the machine is started, then, there will be an additional

strain imposed on one side of the belt—viz. : the working load

—

which will diminish the tension on the slack side a correspond-

ing amount ; and it is very likely that under these working

conditions, when the belt is first started, on the tight side the

tension will exceed, say, 100 lbs. to the inch of belt width.

As he says that, after a given time, the tension on the belt

drops to from 25 or 30 lbs., it is, I think, apparent that the

percentage of stretch on the tight side is more than is stated.

That is, the decrease would be from 100 lbs. on the tight side

of the belt, instead of being from 71 lbs., down to the 25 or 30

lbs.

I would therefore like to ask whether the tension given is on

the tight side of the belt only, whether it is the average of the
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two, or whether it is the tension of the belt when at rest, with

both sides under equal stress

J//\ F. ^V. Taylor. *—I wish to thank Messrs. Towne, Lewis,

Cooper, and Kent for their full and most flattering criticism
;

and, as the matter of greatest importance, will first refer to

the practical suggestion of Messrs. Towne and Kent regard-

ing the next step to be taken in the solution of the belting

problem.

I fully agree with them that another shop experiment on a

large scale is needed to determine more accurately the most

economical " total load "' under which belting should run, and

would suggest that, if opportunity offers, one-half of a shop

should be belted on the basis of an effective pull, for double

belting, of 30 lbs. per inch of width, while the belting of the

other half should deliver an effective pull of 45 lbs. per inch.

I am quite sure that the limit of economy lies between these

two points.

Messrs. Cooper and Lewis combine a wider practical and

theoretical knoAvledge of the subject than any two writers with

whom I am acquainted, and the criticisms of Messrs. Cartwright

and Rogers have been so completely answered by these gentle-

men that it would seem superfluous for me to add anything to

what they have said.

I wish, however, to alter the impression left on one's mind by
reading Messrs. Rogers' and Cartwright's remarks, that the ex-

periment and its conclusions are theoretical vagaries, which, if

put into practice, would result in absurdities.

^'hile the experiment was undertaken, to a small extent, in

the interest of science, yet its principal and almost sole object

was to run the machine shop of the Midvale Steel Company
more economically, as far as belting is concerned, than other

similar shops were run, and this object has certainly been

attained. It has now been more than three years since I left

the employ of that compauy, and although there is probably

not a single man at Midvale who eares whether there is a belt-

ing experiment going on or not, the method of treating, tight-

ening, and caring for the belts is precisely the same as when I

lefr, and the records are kept just as thoroughly now as then,

not in the least in the interest of science, but because it is the

* Author's closure, under the Rules.

17



258 NOTES ON BELTING.

cheapest way to care for belting, aud the shop earns more

money that way,

Mr. Kent in his remarks has given the clearest and best

explanation that I have seen of the reason why belts, used

apparently under rules differing from one another by as wide a

ratio as one to three, will frequently give equal satisfaction and

durability.

In answer to Mr. Nason's question as to what is meant by the

term '" tension " as used in the paj^er, I would refer him to para-

graph 21 in the body of the paper, in which most of the impor-

tant terms used in the paper are defined.

It is much to be regretted that no uniformity exists in the use

of technical belting terms by the various writers on the subject.

In several cases, the conclusions arrived at in the paper, as

they are worded, do not accurately express my opinions on the

subject, since they are more positive and decided than I feel.

This is particularly the case regarding the use of triple and

quadruple belts. While up to date my three years' experience

in the use of such belts points, almost without exception, to the

superiority of thick over thin belts, a period of three years is

so small a fraction of the life of a belt that a \erj imperfect

idea as to the relative durability of thick and thin belts can be

formed in so short a trial.

During this time I have observed two cases of unusual wear on
triple belts, which, if they represent what is likely to be the

normal wear of thick belts, would certainly condemn their use.

In these cases the belts began to crack on the inside— that is,

the side next to the pulley. In both instances, however, they

had been subjected to a large amount of slip, so that the pulleys

on which they ran were frequently too hot to be touched with

the hand. It is, therefore, not improbable that the ply of

leather next to the pulley may have been overheated. Both of

these belts, however, ran on pulleys small in diameter, so that

it is possible on the other hand that the cracks may have been

due to the bending of the belt in rounding the pulleys.

It would seem, therefore, of the utmost importance to know
whether thick belts on small pulleys usually give out by crack-

ing on the inside or the outside of the belt, and I shall be

greatly indebted to any member of the Society who can enlighten

me on tliis point.

I wish to add a word of warning to those intending to use
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narrow aud thick belts iusteail of wide and thin. The pulleys

for thick belts should be made heavier in the spokes, as well as

the rims, than the standard pulleys made for double belts by

the best manufacturers in this country, or trouble will surely

follow.

One fact becomes more apparent the further the problems in

belting are investigated ; namely, that what we do not know
about belting far exceeds our knowledge of the subject.
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DLXIX.*

RECENT PROGRESS IN THE MANUFACTURE OF
STEEL CASTINGS.

BY H. L. GANTT, ELIZABETH, N. J.

(Member of the Society.)

Before beginning the main subject to be treated in this paper,

it would seem not inappropriate to point out a few of tlie steps

by which the art of casting steel has arrived at its present

advanced state. I must not be misunderstood to mean by this,

that the process is not susceptible of improvement beyond

what we have already attained ; but when we remember what

the ordinary steel casting was a few years ago—a rough chunk

composed of about equal parts of steel and holes— and note that

to-day a steel casting is subjected to a more rigid inspection for

cracks and holes than an iron casting, while the general appear-

ance is required to be nearly as good, we are forced to admit

that a great advance has been made.

When I sjDoke of the condition of the art a few years ago,

probably but few realized how very few years were really meant.

The first soft steel castings, such as are used for gun carriages,

that were made in this country, and which were subjected to a

ballistic test, were made in 1886 and 1887, by the Midvale Steel

Company, who were the pioneers in this work. The ballistic

test was considered severe at that time ; but to-day the ordinary

soft castings made by almost any one of a dozen of the best

steel casting companies would pass it successfully.

Though it was about 1886 or 1887 before any large increase

took place in the use of steel castings, they had been success-

fully made in this country at least as early as 1867. f In July of

* Presented at the New York meeting (December, 1893) of the American

Society of Mechanical Engineers, and forming part of Volume XV. of the

Transnr.tions.

\ This hi.storical note was fuinislied some time ago to Mr. Edwin II. Cramp, to

go into a pa))er he purposed to write on the subject of steel castings, l)iit it has

seemed to me to be of suificieni interest to ])iiblisii it here also. If any member
has any additional information on this subject, I should be glad if he would add

it in the discussion.
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that year, the Wm. Butcher Steel Works, now the Midvale

Steel Works, cast some crossing frogs for the Philadelphia and

Reading Railroad of crucible steel. The moulds were made of

ground lire brick, black-lead crucible pots ground fine, and fire

clay, and washed with a black-lead wash. The surface of these

castings was very smooth, and the metal, which was practically

tool steel, was so well adapted for the purpose that some of the

castings made in those early days are said to be still in use.

This was before the use of silicon for solidifying steel was
known, and the castings were very much honeycombed in all

parts except the wearing surface of the frogs, which was " cast

down." The possibility of getting one face of a casting approxi-

mately solid admitted of the use of steel also for hammer dies,

although their general sponginess was a great obstacle to their

extensive adoption.

On April 28, 1876, two small hammer dies were made of open
hearth steel at the same place, and on May 29th a hammer head

weighing 2,535 pounds was made. As long as castings were

small, the moulding mixture of ground brick, ground pots, and

fire clay was satisfactory ; but on large castings made with that

facing, the surface was very imperfect, and the sand adhered to

it with great tenacity. But little improvement in the method
of moulding was made for some time, and while the quality of

the steel was gradually improved, the appearance of the castings

was decidedly against them, and but little progress was made
in their introduction.

The next step taken by the Midvale Steel Company was to

leave the ground pots out of the moulding mixture, and to wash
the mould with finely ground clay fire brick. This was a great

step in advance, especially in heavy castings, and a marked
improvement took place in their general appearance ; but the

mixture still clung so strongly to the casting, that only compara-

tively simple shapes could be made with certainty. A mould
made of such a mixture became almost as hard as fire brick

when dried, and offered so much resistance to the proper shrink-

ing of castings that, when at all complicated in shape, they had
so great a tendency to crack that their successful manufacture

was almost impossible. The next step was to use a mixture of

silica sand and flour. In small castings this gave pretty good
results, as such a facing cleaned off the casting very readily,

leaving a smooth surface much superior in appearance to that
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left by the ground brick. The great difficultj in the way of the

extended use of such a facing was the tendency of the flour to

burn in drying, leaving the sand without a j^roper bond, and

often the burnt mould was so friable as to be entirely useless.

In the case of large castings it was almost impossible to dry

thoroughly the whole mould without burning that portion near-

est the fire, and for such work flour was necessarily aban-

doned.

By this time the use of silicon for solidifying castings was
coming into general use, and the only obstacle in the way of

making good steel castings was the want of a suitable moulding

sand. This was ultimately found in a mixture, the principal

constituents of which were silica sand and molasses thoroughly

ground together.

The improvement in the appearance of castings caused by the

use of a sand that left a clean, smooth skin was the cause of

their rapid adoption ; and the year 1887, when the Midvale Steel

Company made the first gun carriage castings of steel, is

approximately the date at which their rapid extension began.

At this time the necessity for hot metal did not seem to be

understood, and castings frequently contained " blow holes,"

when it seemed that all the conditions for making them perfect

had been complied with. It was noted before a great while that

small castings contained more holes than large ones, and that

those poured last on a heat were worse than those poured first.

The conclusions that hot metal was needed to make solid cast-

ings, and that smaller castings needed hotter metal than large

ones, were soon deduced and amply verified. Apart from these

considerations, the superior appearance of castings made from

hot metal was sufficient to cause all steel casting makers to work

in that direction. The difficulties in the way of getting uni-

formly hot metal are hard to overcome in an open hearth fur-

nace. The delay caused by a slow or difficult tap of the furnace,

which is always liable to occur, is fatal to the production of

the best castings. Besides wliat has already been mentioned,

"cold metal" in the ladle is to-day the cause of more com-

plaints by purchasers, and expense to tJie manufacturer, than

anything else in connection witli tlie manufacture of steel cast-

ings. I will enumerate a few of the troubles that may be

traced directly to this cause. "What is known as a " bad shut

off," or a leaky stopper, is usually caused by a small amount of
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metal cbilliug in the nozzle, and preventing the stopper from

going to its place. In cases where the dribble is slight the

worst effect is that a small amount of metal runs into the mould

while the ladle is being gotten over the runner. This metal is

apt to chill, and make a bad looking spot on the casting, or, in

the case of small castings, block up the runner entirely, and

cause the loss of the mould. When the leak is very bad, it not

infrequently happens, especially when the heat is a large one,

composed principally of small castings, that the flasks are cov-

ered b}' the molten steel, and so strongly fastened together that

it is almost impossible to separate them from the steel without

considerable loss by breakage. Again, by a careful study of the

subject, I feel that I have been able to lay to the door of " cold

metal " one of the most fertile sources of complaint which steel

founders have met with ; namely, lack of homogeneity, which

includes both " hard spots " and " loose " places. T use the

term "'loose" rather than "spongy" for the reason that I do

not so much mean a cluster of holes as a spot where the metal

simply seems less dense. Such places, without any visible con-

tinuous hole, or even without anything that would indicate the

existence of such a hole, allow leaks in hydraulic cylinders,

and cause the failure of a test bar.

When we consider more in detail the process of making open

hearth steel castings, we see why these defects are more apt to

occur in cold than hot metal. While the metal is being tapped

from the furnace, the silico-spiegel necessary to prevent " blow

holes " is generally thrown into the ladle, usually in the sclid,

though heated, state. If the metal is very hot, and consequently

thoroughly fluid, the silico-spiegel is dissolved at once, and
uniformly disseminated through the mass. If, however, the

metal should not be so hot, it is easily seen that the silico-

spiegel may not become at all thoroughly diffused, and the

slightly viscous metal in the ladle may be the reverse of homo-
geneous, in which case the resulting castings may be very far

from what is hoped for. It is now the practice, in the best

foundries, to melt the silico-spiegel, and these defects in their

worse form are thus practically eliminated.

Why hard spots sliould appear in cold metal is readily seen,

for lumps of partially melted silico-spiegel would certainly form

the nuclei for such spots ; but why the " loose " places should

occur is not cjuite so apparent. It may be noted that the loose
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places appear to a more marked extent in large masses than in

small ones, and the most reasonable exj)lanatiou seems to be

that the silico-spiegel, which is but imperfectly melted when the

metal is poured, finally melts thoroughly after the metal is in

the mould, which can only occur in very heavy castings, forming

a spot higher in carbon, manganese, and silicon than the metal

surrounding it. Such a spot would have a lower melting tem-

perature than the adjacent metal, and would remain partially

fluid after the other metal was set. The result of such a con-

dition would be to drain away a portion of the fluid metal to

feed the shrinkage in the metal solidifying about it, leaving a

more or less spongy spot.

That shrinkage holes and cracks do still occur in steel cast-

ings is well known, but the success that founders have had in

casting complicated shapes within the last year or two has been

surprising. The fact that a steel casting must cool at the

bottom first, and then gradually upward in the mould, is being

learned by designers ; and shrinkage holes are becoming less

frequent, for the founder at once fixes on the heaviest portion

for his sink head, which is usually about 20>' of the total weight

of the casting, and which must remain fluid until the whole of

the casting proper is solid.

By a strict observance of the rule that a steel casting should,

as far as possible, be of uniform thickness tliroughout, it has

been possible to make, within the past few years, castings twenty

feet long by ten feet wide, which would have been considered

impossible a few years ago. To one unfamiliar with the details

of the process of making steel castings, the statement that to-day

we can get large steel castings that are perfect!}' satisfactory,

while it is almost impossible to get goocT small ones, would seem

very strange. It is, however, a fact, and the explanation is sim-

ple. Most steel castings are made by the open hearth process,

and the furnace usuall}' melts from five to twenty tons. To pour

even five tons of steel into castings averaging J 00 lbs. in weight

would, as a rule, take so long, that those poured last would be

of inferior quality on account of the cooling of the metal. As

a rule, a large portion of the heat is poured into a com])aratively

few large castings, and the remainder put into the smaller ones.

If the metal is very hot to stnrt with, this may give fair results,

but in all cases the least desirable metal is put into the small

castings.
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This difficulty seems almost insurmountable by tlie open

hearth process, but is readily overcome by a small Bessemer

converter, from which we can get two or three tons of metal as

hot as we may wish it. Add to this the fact that we can get

from the converter that quantity of metal of any composition

we may desire, every half hour throughout the day, and we
realize the advantage of the Bessemer process for making small

and medium weight castings. The manufacturers of electric

motors who have been buying their castings from open hearth

founderies have apparently not realized what the Bessemer
foundry has in store for them. It seems hard to believe that

perfectly solid steel castings can be made of the following com-

position with regularity : Carbon 12^^, manganese 30;?, silicon

30'f', but it is a fact. It may be noted, however, that this steel,

while very well adapted to electrical purposes, is of but little

value for any miscellaneous castings, except very small ones, on
account of the tendency it shows to crack during the process of

solidifying, when cast in shapes at all complicated.

The fact that we can make a number of different kinds of steel

each day if we use a converter, and but two or three heats at

most in twenty-four hours if we use an open hearth furnace, gives

a great advantage to the founder using the converter, especially

if he is making all kinds of steel castings, enabling him, as a rule,

to make far more prompt deliveries than is possible for the open
hearth founder doing the same variet}^ of work.

Among the other advances made in casting steel may be
mentioned one for making a casting having one or more faces of

a steel much harder than the body of the casting. The process

consists in lining such faces of the mould as will be adjacent to

the parts of the casting it is desired to harden with a metallic

alloy in a crushed or j^owdered state, capable of being melted

and absorbed by the molten steel in contact with it, and of such
a nature as to impart to the steel a hard face or a face of such a

composition as may be readily hardened. If it is desired that

the casting shall have a permanently hard face and be used for

stamp shoes, crusher jaws, hammer dies, etc., ferro-manganese

gives the best results. If it is desired to do machine work on
the face, and make it extremely hard afterwards, ferro-chrome is

most suitable. The fact that it is possible to produce a soft steel

casting, having a face that can be hardened without causing the

remainder of the casting to become brittle, will undoubtedly
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make it possible to use steel castings in place of chilled iron in

many places with great advantage.

DISCUSSION.

3Ir. W. F. Durfee.—This paper is probably of more interest

to me than it can possibly be to any other gentleman of this

Society. It was my lot in 1871 to accept the responsibility of

the superintendence of the Midvale Steel Works. I was con-

nected with that institution about three years. The author of

the paper, by implication, conveys the idea that though there

were some few castings made at the Midvale at about that period,

or possibly a little earlier, that the castings were not numerous,

and though they were fairly good, the industry was not of very

much importance. At least I think that would be the im-

pression that a casual reader of the paper would derive from it.

This is far from being a correct impression. At that period the

Midvale Steel Works had on their regular sales list 31 patterns

of reversible frogs. There was one road that had over 600 of

those frogs in use. Another road had over 400 in use, and a

great number of other roads around the country had various

smaller numbers. During my connection with the works I never

knew of one of those frogs being returned. When they wore out

on the upper surface they were turned bottom side up. These

frogs varied from about 250 lbs. in weight up to about 900 lbs.

in weight. They were fiom about 30 inches to about 6 feet in

length. Most of them had three lugs on each side, which pro-

jected from the body of the frog and were not particularly pleas-

ant things to have, in the matter of shrinkage in the casting.

But there were very few frogs lost on that account.

Then in regard to the soundness of small castings, he speaks

as though there Avere some i"ecent improvements in that line.

The Midvale Steel Works at that time made sound castings,

and they made castings that Avere not sound. I think tliat is

true of every steel-casting concern to-day. I do not believe it

was any more true at that time than at present. Since leaving

that institution I have had occasion to use a great many steel

castings from different manufacturers, and I have never found

an instance where any manufacturer uniformly made sound

steel castings from the same patterns.

As regards the alleged unsoundness of small castings at that
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time, I recall one illustration of the soumliiess of them, and the

practical uniformity of soundness so far as the strength of

castings was concerned, and the uses to which they were applied.

At that time we made a number of " trestle trees " for the top-

masts of ships. It was a patented idea of some person whose

name I do not recollect. They were very light, and had two

horns or projections on each side. We never had any of those

returned to us. But the inventor came to me one day and

said :
" If I could shoM- the caj)tains and owners of ships that

these things were strong, I could get a great many more orders."

I said : " I will tell you what to do. You bring the upper section

of a topmast here, and I will shove one of those trestle trees onto

it until the wood is crushed." We had a hydraulic press with

which we pulled ai3art 6-inch steel bolts occasionally, very much
to our disgust, and I said :

" I will put that topmast into our

press and shove that trestle tree on until it crushes the wood,

and no service to which it could be applied will be more severe

than that." My suggestion was carried out, and the orders for

trestle trees increased materially in consequence.

With regard to smoothness of steel castings made at that time,

we had no trouble in turning out smooth castings of large

weights and small weights. I say large weights. We made
pretty heavy pieces—an anvil block. I do not remember what
it weighed, but it was some 2.^ feet high and perhaps 2 feet

square at the bottom, and it was cast with a horn on one side.

After a while those horns, under the severe blows of the ham-
mer, would break off, and it was expensive to replace those things

with new castings. I introduced a plan there, of having a diag-

onal hole bored through them and putting in forgings for the

horn. The rolls for the tire mill were of cast-steel in my time,

and we had no trouble with holes in them.

As to the matter of facings, we had no difficulty in getting

smooth steel castings with a facing composed of the materials

that the gentleman describes in the paper. But there are a

great many ways of using a given kind of material, and perhaps

the subsequent ways of using those materials were not as good
as they were in my time. I do not know anything about that.

I do know, while I was there, that we cast bevelled gears and
spur gears of various sizes, and some of them pretty large, and
we cast a great many anvils. The implication here is that

there were only two or three small anvils cast at that time. We
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made a great many anvils at that period, not only for ourselves

but for others.

There is another thing not mentioned in the paper, and that

is that at that time all the steel castings were made from

crucible steel. There were none made from open-hearth or

Bessemer. The suggestion made of the use of the Bessemer
converter in connection with the open-hearth furnace was a very

good one.

As to the discussion of the advantage of hot metal for making
steel castings, that is spoken of as being a comparatively recent

discovery. I do not know of the time when it was not self-

evident to me that hot metal was desirable for making sound
castings. I presume that that is and always has been a part of

the common knowledge of all people who make castings in iron

and steel, and I have always supposed that it always had been

the common knowledge that hot metal was desirable to produce

the best results. I do not regard that as anything new, and, as

I say, I do not see anything in the paper that was not known at

that time, when the Midvale Steel Works started, except this

matter of the use of the Bessemer converter in connection with

the open-hearth furnace.

3Ir. Fred. IT". Taylor.—I represent a rather half-way position

between Mr. Gantt and Mr. Durfee at the Midvale Steel

Works, having come there about the year 1877, and left in

1890. I think I can to a certain extent reconcile the differ-

ences between the two gentlemen. As Mr. Durfee says, the

castings made in his time were made entirely by the crucible

process, whereas those in Mr. Gantt's time were made almost

entirely by the open-hearth process. A few crucible castings

are still made at Midvale, but crucible steel is now chiefly used

for filling up risers or sinking heads in large castings, as the

shrinkage takes place in cooling. Now the largest difference

between the castings of Mr. Durfee's day and those of the pres-

ent time lies in the quality of the metal—that is, in the amount

of carbon contained in the metal. The old crucible castings

used to be almost universally made of metal high in carbon rela-

tively to the metal from which castings are now made. That is

to say, modern steel castings are largely used to replace wrought-

iron forgings. Therefore they are made of a comparatively low

carbon, while the earlier castings were made of steel more nearly

of the composition of tool or spring steel, so that when you
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speak of hot metal iu castings it is entirely a relative term. A
hot metal for a very low-carbon steel is a decidedly different

matter from a hot metal for a high-carbon steel. That is, if you

have a metal which is suflieiently hot to pour perfectly fluid with

a high carbon, it will be a cold metal for a low-carbon steel.

I remember distinctly the different classes of moulds which

were used at Midvale from the time I came there, when Mr.

Durfee's moulds, consisting of ground pots and bricks, were still

in use, and the stages we passed through in getting to the pres-

ent mixture of as nearly as possible pure ground quartz cemented

with molasses. While what Mr. Durfee says is entirely so, that

in a great many cases the old ground-j)ot mixture would clean

quite freely and make a good surface, yet when we came to

make large castings where Ave used low-carbon hot metal, which

has a temperature enormously greater than the hot metal of

high carbon, the moulds would in many cases burn on to the

metal, or the metal would penetrate the mould in a spongy mass,

so as to require days of chipping. I have no doubt that Mr.

Durfee's chipping gang, after anvil blocks and gear wheels were

cast, used to have days of chipping in removing the sand from

between teeth and from various parts of the surface. At any

rate, while using the same mixture as that used in Mr. Durfee's

time, we had a chipping gang on hand throughout the year to

chip this mixture of part steel and part moulding sand from the

surface of the castings. When we found the surface it would
frequently be very good and very sound ; but steel castings were

not a commercial product as far as making money went at that

time. We lost money on steel castings regularly for years while

we were stepping from one mixture to another, until the mixture

at present in use was reached. This mixture, if properly used,

cleans for small castings in many cases as easily as the ordinary

cast-iron moulding mixtures. Of course, if an accident occurs,

or improper moulding occurs, so that the steel runs into the sand
of the mould, you still have the same trouble with cleaning a

spongy surface from the casting that there used to be. But,

generally speaking now, the art of cleaning steel castings is a

very simple one as compared with what it was in the early days,

and I think that has a great deal to do with the fact that the

manufacture has now become a commercial success.

Mr. i>wr/ee.—There is one point I intended to speak of, and
that was in regard to the knowledge of the use of silicon for
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making sand castings in this country. I do not know to what

extent silicon was employed in making steel castings, but there

was no reason why silicon should not have been employed by
makers of steel castings, because the knowledge of it was pro-

mulgated as early as 1861 and 1862. In one of Bessemer's patents

dated February 1, 1861, he claims distinctly the use of silicon

for the prevention of blow-holes.

One word in regard to the criticism in relation to making

money in steel castings at that time, and the roughness of gears

and things that were cast. I have no recollection of any

unusual or extraordinary amount of chipping on the steel gears

cast at that period, except in one particular—it was generally

quite difficult to get off the " sprues." As regards the spaces

between the teeth, and everything of that sort, they cleaned out

nearly as well as the average cast-iron castings. I had no diffi-

culty of the kind, and we kept no permanent chipping gang.

The balance sheet at the end of the year showed a profit on

steel castings. I have heard a rumor of a great deal of trouble

that followed my time. I do not know anything about it myself,

and Mr. Taylor's remarks furnish the first authentic information

I have received in regard to that matter. I have no doubt

whatever that Mr. Taylor has told the truth in regard to the

state of facts that existed at that period. We did not in my
time make steel castings of one temper. Some. of the castings

were hard, and made hard on purpose ; some were soft, and

made soft on purpose. I think we cast for the first " blooming

mill " made in this country the bearing blocks for the middle

roll, a couple of vertical holes bored through them in which

screw threads cut for the vertical screws. Any one who recalls

the original construction of blooming mills will remember,

perhaps, the feature that I speak of. We did not make abso-

lutely sound castings all the time. But I do not believe that

Midvale, or any other steel works of the present time, does any

better in that regard than was done at "IVIidvale in the years

1871, 1872, a7id 1873.

M/'. John Piatt.—As long ago as fifteen or sixteen years a firm

in England used large numbers of complicated steel castings for

hydraulic machinery, and as many of tliese had to stand high

pressures they had to be very sound. More or less trouble was,

of course, had with them, and the experience obtained leads one

to some of the conclusions arrived at by Mr. Gantt in his paper.
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He says that large aud small castings cauuot be poured from

the same heat with any success, and this we also found, as it

was hardly possible to obtain both large and small castings that

were sound from the same firm.

The paper and discussion would give one the idea that it is

only during the last two or three years that sound castings have

been able to be turned out with any degree of certainty.

The castings before referred to were made by Messrs. Had-
field, of Sheffield. They have for fifteen years been of a sur-

prisingly uniform character. We hardly ever had a defective

one. They devoted their attention to one class of work, and

gave care to their mixtures. Another firm made, at a much
lower jjrice, very large castings, and with the same success, but

this latter firm could do no good with small ones. Trying to do

too much in one foundry has been responsible for a great deal

of trouble.

Again, with regard to uniformity of design, aud letting the

metal be as equal in proportion as possible—that has a great

deal to do with success or otherwise. I have seen castings

made with small fillets that have broken in a short time, which
with large fillets and a better disposal of the metal would stand

perfectly well. This is particularly the case under heavy and
repeated loads, constantly varying from nothing to a maximum.
I remember a case in which a casting was machined out with a

sharjD corner for some experiments. The stress was as low as

four tons per sqiiare inch, but with a few weeks' work the casting

broke. A small crack started up in the corner, and the constant

change from no load to full load soon caused a fracture.

Mr. W. A. Pearson.—The point in steel castings which design-

ers should consider very carefully is to get the piping in the

centre of the walls of each member of the castings. The only

way that this can be accomplished is by putting in fillets large

enough, so that the line of expansion and contraction is as near

uniform as possible upon both walls of casting in relation to the

centre line of casting. If it is a cylinder with ribs on it the

fillets should be large enough, and the outer corners should

conform as near as possible to the circle of the fillet. All ribs

on arms or rims of wheels, or at any point of increase or

decrease in the casting, should be so designed that there is as

uniform a strain on the walls of the casting as possible. In

this way the piping will be in the centre of the two walls of
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casting. This point will also aid in getting rid of the gas in

the metal and mould, which is another important factor to be

considered to insure good steel castings.

The above principles regarding steel castings will apply

equally as well to iron, and if carried out the result will be

stronger castings.

Piping exists to a much greater extent in steel castings, as

the contraction is about three times as great as in iron castings.

The walls solidify on the exterior as the casting cools off, thus

causing a strain from the centre of walls. If all designers of

steel castings will go thoroughly into the points in question,

they will improve the quality of steel castings.

Mr. Harrison A. Roijce.—I would ask the attention of the

Society for a moment to one of the practical questions which

arise from this very interesting discussion, and that is this

:

It is granted that defects exist in steel castings ; also that they

are found in larger proportion in small castings than in large

ones. Now, is there no practical way by which we can repair

those castings so as to make them in every sense commercial ?

In my connection with the Thomson Electric Welding Com-
pany I have for the last two years given personal attention to

this specific matter, and the results of our experiments are to us

very interesting, and may be so to the members here.

We have found that by using the arc welding process, and by

springing an arc over a blow-hole in the casting, we are able in

a very short time to reduce steel filings or steel fragments

placed in the cavities, to a fusion, so filling up these holes and

rendering the casting homogeneous.

Our first experiments were on a casting of, say, 50 lbs. At

first we took the casting cold, as it came to us from the foundry,

but we then found that after we had succeeded in filling the

holes, that the chilling surface of the surrounding metal pre-

vented a perfect union, causing frequently something like a
" cold shut," and therefore was not successful. This led us to

try the following method :

The casting was, say, 100 lbs. We first placed it in an oil or

gas furnace, and brought the mass to a dull red heat ; then

springing the arc over the blow-hole, using the metal itself as a

positive pole and the carbon as a negative pole, we were able to

bring the surrounding surface in about two or three minutes to

a proper degree of heat ; and by pouring into the cavity steel
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filings or small fragments of steel which had been previously

treated, we could quickly reduce them to a state of fusion, thus

completely filling the holes with molten metal, which, on cool-

ing, proved to be thoroughly united with the rest of the mass,

and not showing any defects in hardness or in quality from the

rest of the casting.

We have done this in many instances, and find it to be per-

fectly successful.

This process can be applied commercially, and we find,

furthermore, that for an expense of two or three dollars for

labor, etc., we are able to save castings which are of much
value.

We know from our own experience that imperfections exist

;

we find such imperfection in our dynamo frames and other

castings which we have received from our foundry ; we are

obliged to reject them, and they probably go into scrap. It

has become perfectly practical, by the method of which I speak,

to remedy these defects, and this process can easily be made
available for all producers of steel castings.

In Eussia this process is carried on to a considerable extent,

while in England it has become very successful, the firm of

Lloyd k Lloyd using it constantly in their business.

Mr. John Fritz.—I had not proposed to enter into this discus-

sion, but there has been a good deal said about steel castings,

and by people who seem to know a great deal about them. I

would like to ask whether anybody can give any information

about the action of basic open-hearth steel in castings ; how
would it work, and would it be better than a casting of acid

steel ? I want to find out whether any one present has had any

experience with it.

This discussion, too, has taken rather a serious turn, and I

am tempted to throw a little fun into it. A friend of mine, who
probably dates back prior to 1876, which has been a date men-
tioned, had a great deal of trouble in cleaning his castings ; he

was so troubled that he did not know what to do with them.

One day he had a specially difficult one to make, and he made a

good acid bath, put his finished casting into it, and let it lie

there two or three days. He said at the end of that time he

found the sand all right, but he couldn't find the casting.

Mr. Thornas B. Almond.—Mr. Piatt made mention of Mr. Had-
field. I think Mr. Hadfield made his first experiments near

18
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Boston in 1874. Can you say anything about that, Mr.

Piatt ?

Mr. Piatt.—No ; I do not know where he made his first

experiments.

Mr. Almond.—At that time I was in Winchester and had
occasion to use some steel castings. Mr. Hadfield made them
for me, weighing only two pounds each, and they were perfectly

clean castings. They came out of the sand as readily as ordi-

nary cast-iron. I mention that because the matter of date seems

to be interesting. This was in 1874.

2Ir. C. W. Baker.—I presume most of the members here saw

that very remarkable steel casting exhibited by Messrs. Krupp
at the Chicago Exposition, consisting of a cast-steel locomotive

frame for a standard Pennsylvania Railroad consolidation loco-

motive. I would like to ask Mr. Gantt whether it would be

possible for any steel foundry in the United States to reproduce

that casting, and if not, whether it is merely a matter of size of

plant, or a difference in the process pursued in the foundry that

would make it impossible.

Air. Gantt.—In reply to that question there are several points

to be noted. First, that casting was machined all over, and

nobody knows exactly how much metal was taken off in machin-

ing. I think there are perhaps three or four foundries in

this country which could make such a casting. They would

perhaps lose two or three castings before they got it, but I

firmly believe it can be produced in this country.

Mr. Baker.—But you do think it could be produced com-

mercially ?

Mr. Gantt.—Certainly.

Mr. Baker.—As a commercial success in competition with

forged frames?

3Ir. Gantt.*—Certainly, after they got into the manufacture.

The first one would probably not be a commercial success, but

an order for a hundred would, and after that undoubtedly they

would be made with uniform success. Steel castings of compli-

cated shape are difficult to make, and each one is more or less

an experiment. You have to go at such work with that point in

view.

I was very glad to hear Mr. Durfee's remarks, because this

* Author's closure, under tlie Rules.
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paper was designed largely to bring out those facts that he has

stated. We want to find out exactly what has been done in this

country in the way of making steel castings, and find out who is

to have the credit for it. I have seen a number of the castings

of which Mr. Durfee spoke, some of which are in use still. They
were made of crucible steel, which is usually more solid than

open-hearth steel, and probably they had fewer blow-holes

in them than the ordinary open-hearth castings made at that

period. I have never seen any, however, that I considered suf-

ficiently perfect to send to a first-class machine shop.

With reference to the cleaning of castings, it just happened to

be my luck to find when I went to the Midvale Steel Works
some people in the casting department who had bridged over

the whole gap from the time Mr. Durfee was there until the

time I went there. The facts that I put in my paper I obtained

from records which I found in the possession of the company,

and the general impressions came from the men who made the

castings. When, some years ago, we made a large hammer die,

from which the sand fell off, leaving a perfectly smooth casting,

the man who had charge of the stripping came to me in great

delight, and said :
" The first casting we made like that, it took

a week to find." That was all. There is also on record at the

Midvale works a piece-work rate of $'2 per tooth for cleaning

some roll pinions made for the Scranton Steel Works. I do
not mean to say that some people did not make castings that

cleaned more easily.

Mr. Durfee.—One moment. Lest your remark in regard to

the 82 per tooth should convey a false idea, I should say that

the Scranton Steel Works was built long after I left the Midvale

Steel Works.

Mr. Gantt.—I do not mean to say at all that I am criticising

Mr. Durfee's remarks. When I speak of heavy castings, I do
not mean castings weighing 500 lbs.; I mean castings weighing

10,000 lbs. Possibly that may clear up some things. These
pinions weighed 13,000 or 14,000 lbs., and they were about six

inch pitch, herring-bone teeth. While it took a couple of weeks
to clean them at that time, they are cleaned now in a day and a
half. The reason why I make the suggestion that a mixture of

ground clay, ground black-lead pots, and fire brick was difficult

to clean on a large casting of low carbon, was that the in-

tensely hot metal absorbed the carbon from the moulding mix-
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ture while it was cooling, and changed the composition to quite

a considerable extent. The remainder that was left after the

carbon was absorbed adhered to the casting with great tenacity.

As to the use of silicon for solidifying castings, a royalty was

paid to Alexander Lyman Holley's estate until about 1890 for

the use of silicon for that purpose. It was perhaps only for the

special way of introducing it, but such a royalty was paid, indi-

cating that such use of silicon did not begin until 1873.
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I

DLXX.*

A COMPARISON OF THE MEAN EFFECTIVE PRESS-
URES OF SIMULTANEOUS CARDS TAKEN BY DIF-
FERENT INDICA TORS.

BY D. S. JACOBUS, HOBOKEN, N. J.

(Member of the Society.)

The conclusions derived from the data obtained by tlie tests

are :

1. With correctly fitted pistons in the indicators there need

be no greater error involved in their use than that which occurs

in measuring the hot scales of their springs.

2. A leaky piston is much more reliable than one that is too

tight a fit. A piston which will not fall through the cylinder by
its own weight may be too tight and produce errors due to undue
friction. The friction of an indicator piston should be so small

that there will not be over the thickness of a very fine pencil

line between the lines obtained for a rising and falling steam

pressure in the tests to determine the hot scale of the springs.

3. The greatest difference found between two indicators with

correctly fitted pistons for the mean effective pressures of cards

taken at one-quarter cut-off was, as a maximum, 0.9;^ in four

indicators tested, and the greatest difference in the measure-

ment of the mean height of the diagrams for any two indicators

was .005 inch. This was for comparative tests in which the

average of either 12 or 24 cards was taken. The greatest dif-

ference between any single pair of indicator cards taken simul-

taneously was 2.5,'i of the mean effective pressure, and the cor-

responding difference in reading the mean height .017 inch.

4 The greatest difference found between any two indicators

with correctly fitted pistons for the mean effective pressures of

cards having one-fortieth cut-off, so that a loop was formed
below the atmosphere line, was .6 lb. per square inch, and the

greatest difference in the measurement of the mean height

* Presented at tlie New York meeting (December, 1893) of tlie American Society

of Meclianical Engineers, and forming part of Volume XV. of the Transactions.
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was .010 inch ; or, adding opjDosite signs, .017 inch. The
presence of a loop causes the effect of friction and lost motion

to be a maximum, and the above differences are therefore

greater than were found in cards having no loop.

5. The variation of the weight of the moving parts within the

limits now employed by the makers of the standard instruments

does not affect the accuracy of the results obtained by the indi-

cators.

Four makes of indicators were tested ; these are marked in the

tests Old Form of A, New Form of A, B, and C. The tests were

made by taking simultaneous cards from one end of the cylinder

of a 7-incli by 14-inch horizontal engine running at from 175 to

200 revolutions per minute. The steam pressure averaged about

95 lbs. per square inch above atmosphere. The indicators were

attached at the two ends of a tee connected to the end of the

cylinder, and were reversed in the middle of each test. After

every three cards the indicator pistons were removed and the

cylinders and pistons cleaned and oiled. The strings driving

the indicator drums were made as short as possible, and wire

cord was used to connect them with the parallel motion.

The hot scales were determined as follows : The indicators

were subjected to a steam pressure which was measured by a

gauge so arranged that it was perfectly cool. The pressure was

adjusted to the desired amount, and lines were traced by the

indicator pencil. In making a record the pencil of the indica-

tor was first raised slowly, and gradually released, and a line

traced ; it was then pressed downward, and released gradually,

and a second line traced. For indicators in correct adjustment

these lines coincided exactly, or so nearly that there was not

the thickness of a very fine pencil line between them. The
scales derived by the above method were found to agree with

those made in tests at the Brooklyn Navy Yard, in which the

indicators were compared directly with a mercury column.

Tables I., II.„, and 11.^, give the final results of the tests.
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TABLE I.

Comparison op Indicators by Tests at i Cut-off,

Corrections made for all variations in the hot scales of the springs.

c
o

v

o

d

Indicator.

|3:

'S

lg

2
>
<

o

o .

» 60

'3

c

Difference in Mean Effec-
tive Pressures Referred
TO Indicator old A.

c.

1
o
d .i a t- o

1 1

2

3

5

8

Old Form of A.
New Form of A.
Old Form of A.

B.
Old Form of A.

C.
Old Form of A.

B.
Old Form of A.

B.
Old A with weighted piston.

B.
Old A with loose piston.

B.
Old A with tight piston.

B.

.778

.556

.675

.675

.610

.738

.698

.700

.684

.687

.697

.697

.681

.691

.673

.678

58.3 '

80.9
58.3
58.2
58.3
48.6
58.3
58.2
58.3
58.2
58.3
58.2
58.9
58.2
58.3
58.2

45.4
45.0
39.4
39.3
35 6
35.9
40.7
40.7
39.9
40.0
40.6
40.6
40.1
40.2
39.2
39.4

2
-0.4 -0.9 .005

3
-0.1 -6.3 .002

4
+ 0.3 + 0.8 .005

5

6
+ 0.1 +0.3 .002

S
+ 0.1 +0.2 .002

+ 0.2 + 0.5 .003

In obtaining the equivalent scales of the springs, the cards vpere divided up
into a number of small areas, and the correct scale was applied to each area.

For details of the calculations see Appendix.
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In calculating the mean effective pressures in Tables II „ and

Il.fo the hot scales of the springs employed were those deter-

mined over a range of pressure equal to about one-half the

initial pressure. In Table I. the scales employed were those

corresponding to the height on each strip into which the dia-

gram was divided, so that corrections are made for all variations

in the scales of the springs. The hot scales at various pressures,

together with the method for allowing for the same, are given in

the Appendix.

An examination of Table I., in which corrections are made for

all variations of the scales, shows that the greatest difference

found between the mean effective pressures for any two indica-

tors was about one per cent., which is equivalent to a height

measured on the diagram of 0.005 inch. This height, however,

represents the error of standardizing the indicator springs, be-

cause the heights in testing the springs were not measured

closer than this amount. It therefore appears that there is no

difference shown in the results in Table I., where corrections are

made for all variation of scales that may not be caused by errors

in standardizing the springs.

The greatest difference between the mean effective pressures

for correctly fitted pistons, with scales determined at about

one-half the initial pressure, as given in Table 11.^, and

the results in which corrections are made for all variation of

the scales, as given in Table I., is 0.04 lb. per square inch,

which is equivalent to 0.007 inch measured on the diagram,

and equal to about one per cent, of the mean effective pressure.

If the scales had been determined at the initial pressure of 80

lbs., the greatest difference between the results and those in

which corrections are made for all the variations of the scales

would be 0.3 lb. per square inch, or about eight-tenths of one

per cent. The greatest difference between the results for two

indicators, obtained by adding differences with opposite signs,

would, however, be about two per cent., or twice that found

when the scales employed are those determined at about one-

half the initial pressure.

If the scales were those determined at 100 lbs. pressure, the

results would differ by about three per cent, as a maximum from

those in which the scales are corrected for variation, and, adding

opposite signs, discrepancies of five per cent, would appear.

These great differences are caused by the variation of the scales
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of the springs at their maximum limits, aud show that the scales

for the mean pressures are more reliable than those determined

at the extremes of pressure.

Tables I. andll.,, contain the results of tests at one-quarter cut-

oli'. Comparisons Nos. 1 to 5 are for indicators with ordinarily

fitted ]>istous that were in proper adjustment, as shown in the

tests to determine the hot scales.

In comparison No. 6 a weight was attached to the piston of

the Old Form of A indicator equal to the weight of the moving

parts, including the gravity component of the pencil motion ; the

addition of this weight, which made the mechanism heavier

than that in any of the current makes of indicators, did not

introduce an error.

Comparison No, 7 gives the result of a tight piston in the Old

Form of A indicator. This piston would fall through the

cylinder of the indicator by its own weight when all oil was

removed, but in the tests to determine the hot scale the distance

between the lines, on pressing the pencil up and down, was

about one-sixty-fourth of an inch. The results show that the

mean effective pressure is the same as for the correctly fitted

piston. This is probably due to the fact that the form of the

card is such that the friction tends to produce too high a back-

pressure line, as well as too high an expansion line, and the error

is thus neutralized. It was to introduce the error of friction so

as to make it conspire to add to the area of the card that the

tests at the short cut-off given in Table 11.,^ were projected. Th e

cards taken in making these comparisons gave a loop in the

expansion line so that any friction or lost motion tended to add

to the area of the diagram. An examination of this table will

show that the discrepancies in the mean heights of the cards

are about the same as the cards at one-quarter cut off for all the

comparisons except No. 14, which is for the tight piston. The
effect of the tight piston can be seen by examining the loop on
cards Figs. 80 and 83, one of which is taken with the ordinarily

fitted piston and the other with the tight piston.
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TABLE III6.

Dbtermin.\tion of Hot Scales of Indicator Springs.

Tests to show that tbe springs did not change during the time that they were

in use. 51 lbs. pressure per square inch.

OLD FORM OF A INDICATOR. NEW FORM OF A INDICATOR. INDICATOR C.

Date.
Height in
inches.

Date.
Height in
inches.

Date.
Height in
inches.

Nov. 8.

Nov. 8.

No\ . 8.

Nov. 8.

Nov 9.

Nov. 9.

Nov. 9.

.870

.870

.865

.870

.870

.870

.870

Nov. 8.

Nov. 8.

Nov. 8.

Nov. 9.

Nov. 9.

Nov. 9.

.620

.620

.620

.030

.630

.630

Nov. 8.

Nov. 8.

Nov. 8.

1.045
1.045
1.050

Average .... .869 .625 1.047

The scales of Old and New A and of C are shown by the above to have

remained unaltered during the tests. The scale of Indicator B could not be

determined at the time the above tests were made, because ttie cylinder had been

removed from it and made to fit over a special tight piston. The comparative

tests of Old A and Indicator B in ordinary condition that were made before each

special test show, however, that there was no change in the scale of Indicator B.

Tables Ill-a and III ^ give the readings obtained in determin-

ing tbe hot scales of the indicator springs. The basis of press-

ure was the Utica Steam Gauge Company's device, in which

a flat plate is held down by a weight over a one-inch- square

opening having knife edges ; a fluid pressure of oil is made
to act under the plate, which will lift when the pressure in

pounds per square inch is equal to the weight holding down
the plate. The hot scales were redetermined at intervals

during and at the close of the dynamic tests to make certain

that there was no change.

Table TV.,, gives the results of tests made at the Brooklyn

Navy Yard, through the courtesy of Commodore George W. Mel-

ville, together with those made by ourselves at the same press-

ures ; and Table TV.,, gives the observations in detail for one set

of the Navy Yard tests. The tests at the Navy Yard were made
after all our tests had been completed.
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TABLE IVa.

Comparison op Scales Obtained in Tests at the Navy Yard and by
Employing Our Own Standard.

Pressure in lbs.

per sq. inch
above atmos-

phere.

Scale of Diaokam in lbs.
i'er sq. inch.

Corresponding
Indicator.

Navy Yard
mercury
column.

Derived from
gauge standard-
ized by weight

device.

difference in

measuring dia-

gram in inches.

Old A 25
50

25

50
100

25

50
100

57.1
58.7

78.9
81.4
80.2

47.9
48.7
50.0

56 8
58.8

79.4
81.7
80.1

47.9
48.8
50.0

— .003
Old A + .002

002
New A + 002

-.001

C 000
C + 002
C 000

The greatest difference between the average results of the

tests made at the Navy Yard and those made by ourselves is

equivalent to a height on the diagram of .002 inch, which is

within the error of duplicate measurements.

A gauge was compared with the Utica Company's weight de-

vice and carried to the Navy Yard, together with the indicators.

The corrected readings of the gauge agreed with the Navy Yard

standard.

METHOD OF MEASURING THE MEAN EFFECTIVE PRESSURES.

The indicator cards were measured by two parties. The first

observer measured the area by going around each card twice

with an Amsler planimeter, and took a mean of the two read-

ings, provided they agreed to Avithin .02 square inch. If the

discrepancy was greater than this, the card was gone over until

it fell within the above amount. The results were then tabu-

lated. The second observer worked in a similar way and pre-

pared a second table, which was compared with the one obtained

by the first ol)server. In general the reading in these tables

agreed to within one or two hundredths of a square inch, and,

if this Avas the case, the mean value was employed in determin-

ing the mean hoiglit. In a few cases, however, mistakes in

reading gave larger discrepancies, which were corrected before

obtaining the mean vnlues.
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TABLE IV6.

Tests of Indicators at Brooklyn Navy Yard.

Measuremeuts iu detail for a fjiven pressure.

Heights in inches correspondiug to 50 lbs. perfquare inch above the atmosphere.

Ntiniher of Card.

1 ;

o

3.''! !!'!""!!!".".".'.'.".'.".'.'.'.'..'.'.'!!!!

4

Average
Scale
Heights in inches, corresponding to

scales determined by the Utica Co.'s
weight device

Difference in height on diagram in

inches, between our own and the Navy
Yard tests

Indicator Old
A.

.855

.850

.850

.855

.852

58.7

.850

.002

Indicator New
A.

.615

.615

.615

.610

.614

81.4

.612

.002

Indicator C.

1.030
1.030
1.020
1.030

1.027
48.7

1.025

.002

The plaiiimeters were tested by revolving the tracing point in

a circle bj means of a radius piece. Each instrument was tested

over several sizes of circles. The readings for each revolution

were taken for ten consecutive revolutions, and the differences

of these readings were found to agree within .03 square inch for

an area larger than any of the indicator cards, which indicated

that the instrument would give concordant readings to within

.01 of a square inch. This is a severe test for a planimeter, as

any irregularity in the wheel or want of alignment in the axle

will cause differences in the readings for a given circle, or an

alteration in the constant for various sizes of circles and differ-

ent positions of the fixed point

Figs. 73 to 87 give the indicator cards obtained in the several

tests. Tables V. to XVIII. give the results in detail obtained

in measuring the indicator cards, the scales employed being

those corresponding to about one-half the initial pressure.
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Fig. 73.

New Form of Indicator A.

Test No. 1. Table V.

Card No. 6. Rev. = 192. Steam pressure = 103 lbs.

Hot scale of spring = 81.7 lbs.

Old Form of Indicator A in ordinary condition.

Test No. 2. Table VI.

Card No. 7. Rev. = 197. Steam pressure = 96 lbs.

Hot scale of spring = 58.8 lbs.

Fig. 75.

Indicator B.

Test No. 2. Table VI.

Card No. 7. Rev. = 197. Steam pressure = 96 lbs.

Hot scale of spring = 58.6 lbs.

li



COMPARISON OF THE MEAN EFFECTIVE PRESSURES. 289

Fig. 76.

Indicator C.

Test No. 3. Table VII.

Card Xo. 1. Rev. = 199. Steam pressure = 95 lbs.

Hot scale of spring = 48.8 lbs.

Fig. 77.

Old Form of Indicator A with weight attached to piston.

Test Xo. 5. Table IX.

Card No. 3. Rev. = 189. Steam pressure - 94 lbs.

Hot scale of spring = 58.8 lbs.

Fig. 78.

Old Form of Indicator A with loose piston.

Test Xo. 7. Table XI.

Card No. 4. Rev. = 196. Stea«a pressure = 96 lbs.

Hot scale of spring = 39.9 lbs.

19
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Fig. 79.

Old Form of Indicator A with tight piston.

Test No. 8. Table XII.

Card No. 1. Rev. = 105. Steam pressure 95 lbs.

Hot scale of spring = 58.8 lbs.

Fio. 80.

Old Form of Indicator A in ordinary condition.

Test No. 9. Table XIII.

Card No. 1. Rev. = 184. Steam pressure = 93 lbs.

Hot scale of spring = 58.8 lbs.

Fkj. SI.

Indicator B.

Test No. 9. Table XIII.

Card No. 1. Rev. = 184. Steam pressure = 9:5 lbs.

Hot scale of spring = 58.6 Ibi
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Fig. 82.

Old Form of Indicator A with weight attached to piston.

Test No. 10. Table XIV.

Card No. 6. Rev. = 178. Steam pressure = 96 lbs.

Hot scale of spring = 58.8 lbs.

Fig. 83.

Old Form of Indicator A with tight piston.

Test No. 11. Table XV.
Card No. 2. Rev. = 176. Steam pressure = 93 lbs.

Hot scale of spring = 58.8 lbs.

Fig. 84.

Old Form of Indicator A with loose piston.

Test No. 12. Table XVI.

Card No. 6. Rev. = 170. Steam pressure = 92 lbs.

Hot scale of spring = 59.9 lbs.
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Fig. 85.

Indicator C.

Test No. 13. Table XVII.

Card No. 1. Rev. = 176. Steam pressure = 94 lbs.

Hot scale of spring = 48.8 lbs.

New Form of Indicator A.

Test No. 14. Table XVIII.

Card No. 6. Rev. = 176. Steam pressure = 94 lbs.

Hot scale of spring = 81.7 lbs.

Fig. 87.

Old Form of Indicator A in ordinary condition.

Test No. 14. Table XVIIl.

Card No. 3. Rev. = 176. Steam pressure = 97 lbs.

Hot scale of spring = 58.8 lbs.
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TABLE V.

Mean Effective Pressukes of Cards Taken Simultaneously.

New form of A Indicator and Old Form of A Indicator. Pistons of indicators

in ordinary condition. Test No. 1, Cut-off =r ^. October 16, 1893.

Steam
pressure in

lbs. per sq.

inch above
atmos-
phere.

Revolutions
per

minute.

Indicator New A.
Scale = 81.7

Inpicator Old A.
Scale = 58.8. Difference

between
M. E. P. of
simultan-
eous cards.

No. of
card. Mean

height of
card in

inches.

Mean efifect-

ive pressure
in lbs. per
sq. inch.

Mean
height of
card in
inches.

Mean effect-

ive pressure
in lbs. per
sq. inch.

1 104
104
104
103

' 108
103
103
106
101

106
106
103

192
190
189
202
190
192
185
190
191

192
193
190

.538

.5.50

.563

.571

.567

.554

.5.51

.567

.538

.563

.567

.547

44.0
44.9
46.0
46.6
46.3
45.3
45.0
46.3
44.0
46.0
46.3
44.7

.742

.770

.766

.791

.799

.783

.771

.793

.765

.791

.792

.774

43.6
45.3
45.0
46.5
47.0
46.0
45.3
46 6
45.0
46.5
46.6
45.5

-1-0.4

2 -0.4
3 -fl.O

4 H-0.1
5 —0.7
tj —0.7

—0.3
8 -0.3
9
10
11

-1.0
-0.5
-0.3

12 -0.8

Average .

.

104.2 191.3 .556 45.4 .778 45.7 -0,3

TABLE VI,

Mean Effective Pressures of Cards Taken Simultaneously.

Indicator B and Old Form of A Indicator. Pistons in ordinary condition. Test

Xo. 2, Cut-off = {. October 16, 1893.

Steam
pressure in

lbs. per sq.

inch above
atmos-
phere.

Revolutions
per

minute.

Indicator B.
Scale = 58.6.

Indicator Old A.
Scale = 58.8. Difference

between
M.E. P. of
simultan-
eous cards.

Xo, of
card. Mean

height of
card in

inches.

Mean effect-

ive pressure
in lbs. per
sq. inch.

Mean
height of
card in
inches.

Mean effect-

ive pressure
in lbs. per
sq. inch.

1 96
95
95
92
95
95
96
96
93
90
98
98

197 ! .696
188 676

40.8 .711

.678

.701

.656

.696

.706

.675

.688

.668

.619

.649

.648

41.8
39.9
41.2
38.6
40.9
41.5
39.7
40.5
39.3
36.4
38.2
38.2

1

2 3
3 195 .702 41.1

184
1

.665 3a.
190 1 .707 41.4
190 .707 1 41.4
197 .(i80 39.8
197 6H9 40 4

-0.1
+ 44

5 -t-O 5
6 1

-1-0 1

8 1

U 1»3 073 .39.4

36.2
37.5
.38.0

+ 1

10 181

188
190

.618

.640

.648

2
11 7
12 -0.2

Average .

.

94.9 190.8 .675 .39.6 .675 39.7 -0.1
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TABLE VII.

Mean Effective Pressukes of Cards Taken Simultaneously.

Indicator C and Old Form of A Indicator. Pistons of indicators in ordinary

condition. Test No. 3, Cut-off = i. October 16, 1893.

Steam
pressure in

lbs. per sq.

inch above
atmos-
phere.

Revolutions
per

minute.

Indicator C.
Scale = 48.8.

Indicator Old A.
Scale = 58.8. Difference

between
M.E. P. of
simultan-
eous cards.

No. of
Card. Mean

height of
card in
inches.

Mean effect-

ive pressure
in lbs. per
sq. inch.

Mean
height of
card in
inches.

Mean effect-

ive pressure
in lbs. per
sq. inch.

1 95
96
93
84
87
90
86
88
92
92
92
93

199
210
209
190
190
191

186
193
192
193
192
193

.817

.794

.787

.746

.73?

.765

.677

.688

.718

.698

.721

.702

39.9
38.7
38.4
36.4
36.0
37.3
33.0
33.6
35.0
34.1
35.2
34.3

.670

.665

.649

.608

.621

.621

.559

.5(i8

.597

.582

.600

.581

39.4
39.1
38.2
35.8
36.5
36.5
32.9
33.4
35.1
34.2
35.3
34.3

-1-0 5
2 4
3 + 2
4 -1-0 6
5

6
-0.5
-f 8

7 + 1

8 -1-0 2
9 1

10 1

11

12
-0.1
-1-0 1

Average .

.

90.7 194.8 .7:iii 36.0 .610 35.9 + 0.1

TABLE VIII.

Mean Effective Pressures of Cards Taken Simultaneously.

Indicator B and Old Form of A indicator. Test No. 4, Cut-off i, October

20, 1893.

Steam
pressure in
Iba. per sq.

in. above
atmos-
phere.

Revolutions
per

minute.

Indicator B.
Scale =58.6.

Indicator Old A.
Scale =58.8.

Difference
between

M. E. P. of
simultane-
ous cards.

No. of
card. Mean

heiirlii of
card in

inches.

Mean
effective

pressure in
lbs. per sq.

inch.

Mean
height of
card in

inches.

Mean
effective

pressure in

lbs. per scj.

inch.

1 95
95
95
94
93
98

193
190
190
188
190
193

.708

.704

.707

.700

.685

.698

41.5
41.3
41.4
41.0
40.1

40.9

.703

.699

.710

.695

.678

.700

41.3
41.1
41.7
40.9
39.9
41.2

41.0

+ 02
2 + 02
3 0.3
4
5

+ 0.1
+ 0.2

6 — 03

Average .

.

95.0 190.7 .700 41.0 .6-A8
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TABLE IX.

Mean Effective Prkssures op Cards Taken Simultaneously.

Indicator B and Indicator Old Form A. Weight attached to Piston of Old A
Indicator. Test No. 5, Cut-off = h October 20, 1893.

Steani

5^'^-i;: R-oiutions

"^t^os:" --«te.

phere.

Induatou B.
Scale =58.6.

Indicator Old A.
- Sgalb = 58.8.

Difference
between

M. E. P. of
simultane-
ous cards.

No. of
card. Mean

height of
card in

inches.

Mean
effective

pressure in
lbs. per sq.

inch.

Mean
height of
card in

inches.

Mean
effective

pressure in
lbs. per sq.

inch.

1 96 188
96 180
94 189
94 ! 199
93 i 200
92 192
93 189
94 198

m 19-2

95 191

98 189

93 198

.697

.719

.700

.694

.686

.676

.686

.690

.687

.695

.721

.709

40.8
42.1
41.0
40.7
40.2
39.6
40.2
40.4
40.3
40.7
42.3
41.5

.691

.715

.697

.691

.693

.677

.680

.688

.686

.703

.730

.711

40.6
42.0
41.0
40.6
40.7
39.8
40.0
40.5
40.3
41.3
42.9
41.8

+ 02
•> + 01+ 0.1
3

+ 014

5
6 2

+ 02
8 1

9
10 6
11 6
12 -0.3

Average .

.

94.2 192.1 .697 40.8 .697 41.0 -0.2

TABLE X.

Mean Effective Pressures of Cards Taken Simultaneously.

Indicator B and Old Form of A Indicator. Pistons of Indicators in Ordinary

Condition. Test No. 6, Cut-ofE = i, October 24, 1893.

Steam
pressure in

lbs. per sq.

in. above
atmos-
phere.

Revolutions
per

minute.

Indicator B.
Scale = 58.6.

Indicator Old A.
Scale =58.8.

Difference
between

M. E. P. of
simultane-
ous cards.

No. of
card. Mean

height of
card in

inches.

Mean
effective

pressure in
lbs. per sq.

inch.

40.9
39.4
39.7
.39.6

40.6
41.3

Mean
height of
card in

inches.

Mean
effective

pressure in
lbs. per sq.

inch.

1 94
93
94
93
96
96

195
196
195
190
204
198

.698

.672

.678

.676

.692

.705

.702

.677

41.3
3i).8

-0 4
2 4
3
4

5.

.072 39.5

.666 , 39.2

.691 1 40.6

.698 41.0

+ 0.2
+ 0.4

6 + 0.3

Average .

.

94.3 1%.3 .Gsr 40.2 .P81 40.2
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TABLE XI.

Mean Effective Pbessures of Cards Taken Simultaneously.

Indicator B and Old Form of A Indicator. Loose Piston in Old A Indicator

Test No. 7, Cut-off = {, October 24, 1893.

Steam
pressure in

lbs. per sq.

inch above
atmos-
phere.

Revolutions
per

minute,

Indicator B.
Scale = 58.6.

Indicator Old A.
Scale =59.9.

Difference
between

M. E. P. of
simultane-
ous cards.

No. of
card. Mean

height of
card in
inches

Mean
effective

pressure in

lbs per sq.

inch.

Mean
height of
card in

inches.

Mean
effective

pressure in
lbs. per sq.

inch.

1

2
3
4
5
6
7
8
9
10
11

12

94
95
93
96
92
93
90
100
98
91

95
97

195
195
194
196
190
190
186
197
200
185
190
197

.696

.699

.893

.717

.681

.(iS9

.662

.683
719
.665

.681

.703

40.8
41.0
40.6
42.0
39.9
40.4
38.8
40.0
42.1
39.0
39.9
41.2

.690

.689

.679

.699

.665

.677

.655

.678

.711

.654

.676

.700

41.3
41.3
'10.7

41.9
39.8
40.6
.39.2

40.6
42.6
39.2
40.5
41.9

-0.5
-0.3
-0.1
-1-0.

1

-f-0.1

-0.2
-0.4
-0.6
-0.5
-0.2
-0.6
-0.7

Average.

.

94.5 192.9 .691 40.5 .681 40.8 -0.3

TABLE XII.

Mean Effective Pressures of Cards Taken Simultaneously.

Indicator B and Old Form Indicator A.

Test No. 8, Cut-ofE == \, October 24, 1898.

Tight Piston in Old A Indicator.

Indicator B. Indicator Old A.
Steam Scale = 58.6. Scale = 58.8.

Difference
Revolutions

per
minute.

between
M. E. P. of
simultane-

No. of
card.

lbs. per sq.

inch above
atmos-

Mean Mean
effective

Mean
height of

Mean
effective

phere. card in
pres.'^ure in

lbs. per sq.

inch.

card in
pressure in

lbs. per sq.

inch.

ous cards.

inches. inches.

1... . . 95 195 .679 39.8 .675 39.7 -1-0,1

2 93 190 .677 39.7 .668 39.3 + 0.4
3 92 194 .657 38.6 .6.50 38.2 + 0.4
4 90 202 .6113 40.6 .692 40.6
5 95 200 .680 39.8 .670 39.7 + 0.1
6 92 193 671 39.3 .669 39.3

95 190 .683 40.0 .669 39.3 + 0.7
8 95 190 .684 40.1 .684 40.2 -0.1
9 96 390 .691 40.5 .681 40.0 + 0.5
10 92 186 .662 38.8 .662 38.9 -0.1
11 93 19U .666 89.0 .6d3 39.0
12 97 190

192.5

.690

.678

40.4 .688

.678

40.5

39 6

-0 1

Average.

.

94.8 39.7 ' + 0.1
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TABLE XIII.

Mean Effkctive Pressures op Cards Taken Simultaneously.

Indicator B and Old Form of A Indicator. Pistons of indicators in ordinary

condition. Test No. 9, Cut-off = -4^?. October 27, 1893.

Steam
pressure in
lbs. per sq.

inch above
No. of
card.

atmos-
phere.

1 93
a 94
3 98
4 92
5 95
6 94

Average .

.

94.3

Revolutions
per

minute.

184
186
180
180
178
176

180.

Indicator B.
Scale = 58.6.

Indicator Old A.
Scale = 58.8.

Mean
height of
card in

inches.

.113

.117

.116

.110

.110

.112

Mean effect-

ive pressure
in lbs. per
sq. inch.

6.6
6.9
6.8
6.4
6.4
6.6

6.6

Mean
height of
card in
inches.

.128

.123

.126

.117

.123

.123

.128

Mean effect-

Difference
between

M. E P. of
imulta-

ive pressure neous cards,
in lbs. per
sq. inch.

7.2
7.2
7.4
6.9
7.2
7.2

7.2

-0.6
-0.3
-0.6
-0.5
-0.8
-0.6

-0.6

TABLE XIV.

Meak Effective Pressures of Cards Taken Simultaneously.

Indicator B and Old Form of A Indicator. Weight attached to piston of Old

A Indicator. Test No. 10, Cut-off = /„-. October 27, 1893.

Steam
pressure in T^oTrnlnti/^T.^

Indicator B. Indicator Old A.
Scale = 58.6. Scale = 58.8. Difference

No. of
card.

lbs per sq.""' per""""
inch above minute.

atmoii- 1

phere.
j

Mean
height of
card in

inches.

Mean effect-

ive pressure
in lbs. per
sq. inch.

Mean
height of
card in

inches.

„ , M. E. P. of
Mean effect- >.innilta-
ive pressure neons cards
in lbs. per
sq. inch. 1

1 93
96
94
94
96
96

176
177
178
175

176
178

.0!i9

.112

.112

.104

.115

.116

6.6
6.6
6.1
6.7
6.8

.110

.127

.124

.100

.124

.125

6 5 j —0 7
2
3

7.5 -0.9
7 3 7

4 6.4 -0.3
5 7 3 6

6 7.4 -0.6

Average .

.

94.8 176.7 .110 6,4
I

.120 7.1 1 -0.7
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TABLE XV.

Mean Effective Pressures of Cards Taken Simultaneously.

Indicators B and Old Form of A Indicator. Tight piston in Old A Indicator.

Test No. 11, Cut-off = ^q. October 27, 1893.

Steam
pressure in
lbs. per sq.

inch above
atmos-
phere.

Revolutions
per

minute.

Indicator B.
Scale = 58.6.

Indicator Old A.
Scale = 58.8. Difference

between
M. E. P. of
simulta-

neous cards.

No. of
card. Mean

height of
card in

inches.

Mean effect-

ive pressure
in lbs. per
sq. inch.

Mean
height of
card in
inches.

Mean effect-

ive pressure
in lbs. per
sq. inch.

1 92
93
96
9^
94
96

176
176
175
174
176
176

.115

.114

.120

.101

.109

.113

6.7
6.7
7.0
5.9
6.4
6.6

.134

.138

.144

.118

.138

.146

7.9
8.1
8.5
6.9
8.1
8.6

-1 2
2 — 1.4
3 -1.5
4
5
6

-1.0
-1.7
-•3.0

Average .

.

93.8 175.5 .112 6.6 .136 8.0 -lA

TABLE XVI.

Mean Effective Pressures op Cards Taken Simultaneously.

Indicator B and Old Form of A Indicator.

Test No. 12, Cut-off = -/„-. October 27, 1893.

Loose piston in Old A Indicator

Steam
ipressure in

lbs. persq.
inch above
atmos-
phere.

02
90
88
92
90
92

Revolutions
per

minute.

172
170
169
168
170
170

Indicator B.
Scale = 58.6.

Indicator Old A.
Scale = 59.9. Difference

between
M. E. P. of
simulta-

neous cards.

No. of
card. Meiin

height of
card in

inches.

Mean effect-

ivo pressure
in lbs. per
sq. inch.

i Mean
height of
card in

inches.

Muan effect-

ive pressure
in lbs. per
sq. inch.

1 .115

.108

.102

.114

.108

.116

0.7
0.3
0.0
0.7
6.3
6.8

.117

.111

.103

.113

.113

.116

7.0
6.0
8.2
0.8
6.8
6.9

0.7

-0.3
2 -0.3
3 -0.2
4
5

-0.1
-0.5

C -0.1

Average .

.

90.7 169.8 .111 0.5 .112 -0.2
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TABLE XVII.

Mean Effective Pressures of Cards Taken Simultaneously.

Indicator C and Old Form of A Indicator. Pistons of indicators in ordinary

condition. Test No. 13, Cut-off = /p. October 27, 1893.

Steam
pressure in Revolutions

per
minute.

Indicator C.
Scale = 4S.8.

Inhicator Old A.
Scale = 58.8. Difference

between
M. E. P. of
simulta-

neous cards.

No. of
card.

lbs. per sq.
inch above
atmos-
phere.

Mean
height of
card in
inches.

Mean effect-

ive pressure
in lbs. per
sq. inch.

Mean
height of
card in
inches.

Mean effect-

ive pressure
in lbs. per
sq. inch.

1 94 176 .133
95 174 .136

97 1
178 1 .142

95 ! 173 .159
93 ' 174 .136

92 170
t

.144

G.5
6.6
6.9
7.8
6.6
7.0

.120

.116

.125

.133

.118

.117

7.1
0.8
7.4
7.7
G.9
6.9^

-0.6
3 -0.2
3 -0.5
4 + 1.1

5 -0.3
6 + 0.1

Average .

.

94.3 1
174.2 .142 6.0 .122 7.1 -0.2

TABLE XVIII.

Mean Effective Pressures of Cards Taken Simultaneously

New Form of A Indicator and Old Form of A Indicator. Pistons of indicators

in ordinary condition. Test No. 14, Cut-off = -4^- October 27, 1893.

Steam
pressure in
lbs. per sq.

inch above
atmos-
phere.

Revolutions
per

minute.

Indicator New A.
Scale = 81.7.

Indicator Old A.
Scale = 58.8. Difference

between
M.E. P. of
simulta-

neous cards

No. of
card. Mean

height of
card in

inches.

Mean effect-

ive pressure
in lbs. per
sq. inch.

Mean
height of
card in

inohe:.

Mean effect-

ive pressure
in lbs. per
sq. inch.

1 '...

2
98
98
97
91

91

176
178
176

175
175

SooS«oo

8.2
7.8
7.7
6.7
7 1

.129

117
7.0
fi.n

+ 0.6
+ 0.9

3 .124 7.3 + 0.4
4 .109

.111

.116

fl.4

6.5
6.8

+ 0.3
+ 0.6

6 94 176 .086 7.0 + 0.2

Average .

.

94.8 176.0 .091 ' 7.4
1 .117 6.9 + 0.5

ADDED SINCE THE MEETING.

In the discussion of Professor Carpenter's paper, presented

at this meeting, the theory has been advanced that the double

line shown in many of the tests of indicators is due to what may
be called a lag in the spring. That is, if the lines for a rising

and falling pressure do not agree with each other, it has been
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suggested that the fault may lie iu the spring itself. In the

tests of the springs used in my comparisons, no double lines

were shown for a rising and falling pressure when tested with

an accurately calibrated gauge.

In these tests the lag of the gauge itself was determined and

allowed for. In the tests at the Brooklyn Navy Yard the lines

for a rising and falling pressure agreed to within about one-

sixty-fourth of an inch. The variation in this case was not

accounted for definitely, but it may have been due to the action

of inertia in the moving mercury column.

To determine the exact facts regarding the possibility of a lag

in the sjDring, special tests have been made after the meeting, by

applying a dead weight to the piston of an indicator and obtain-

ing the lines for increasing and decreasing loads. To do this

the indicator was held in a frame with the drum downward, and

a rod was made to press against the piston, which was fitted

with a special piece to hold the end of the rod iu a central posi-

tion. The rod was attached to a yoke at its upper end, which

passed downward at each side of the frame. A pan for weights

was attached to the yoke. The weight was thus made to hang,

freely, directly from the centre of the piston, and compressed

the spring while the latter was held in the same position it

occupied during the tests with steam pressure. These tests

showed that there was no double line produced with a rising

and falling pressure, so that the lag due to the spring itself Avaa

less than could be appreciated in indicator measurements.

Tests were made with the spring cold, and also with the

spring heated by steam.

It follows from these tests that indicators may be made to

give the same results with rising and falling pressures. If,

therefore, there is a difference found between the lines it should

be traced out and eliminated, as this difference will produce an

error in the power measurements.
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APPENDIX.

METHOD OF CORRECTING FOR ALL VARIATIONS IN THE HOT SCALES

OF THE SPRINGS.

As the scale of an indicator spring varies for different heights

of the diagram, it is impossible to say which scale should be

used by a simple inspection of the indicator card, and of the

results of the tests to determine the hot scale of the spring.

The general way we have adopted has been to employ the scale

over tbe range of about the mean forward and the mean back

pressure, but in the present investigation it was thought advis-

able to go further, and to employ the scales corresponding to

each portion of the diagram.

The error of emjjloying scales determined over any particular

range has alread}- been discussed. Thus, in the four indicators

tested, if the scales had been determined over a range of 100 lbs.

per square inch above the atmosphere, which was about 20 lbs.

gi'eater than the initial pressure, the error of so doing would

have been as a maximum Si, or, adding opposite signs, 5fo. If

the range had been from the atmosphere to the initial pressure,

the error would have been as a maximum about li, or, adding

opposite signs, 2f^.

If the scales were determined between the mean forward and
the mean back pressure, the error would have been only li,

adding opposite signs, but this small variation is exceptional,

and cases are often met in which the error is greater than this

amount.

There is an element of uncertainty which enters in the use of

an indicator spring, from the fact that it may not be at precisely

the same temperature when employed in power measurements
as it attains during the tests to determine the hot scale. This

error would tend to affect all indicator springs in the same
direction, so that it does not alter the comparative results

shown by different indicators working under the same condi-

tions, but it may be of importance in determining the absolute

scales.
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The total amount of the error is small, and will be made the

subject of a future investigation.

The method of correcting for all variations in the scales is as

follows :

Divide the card by a number of ordinates at equal distances

apart, as represented in Fig. 88. Measure the areas A^, etc.,

included between the forward pressure line and the atmospheric

line, and the areas B^, etc , between the back pressure line and
the atmospheric line. Multiply each area by the scale corre-

sponding to the average pressure, and let >S'^ be the sum of the

areas, multiplied by the scales, for the forward pressure line,

and SB be the sum of the areas, multiplied by the scales, for

the back pressure line ; then the equivalent scale by which the

^I

^2

^3

*1

A, ^5 ^B A, A, A, ~A^
B. J53 B, jBs -Bg S, Se Ba Ji.o

Fig.

average height of the indicator card should be multiplied by in

order to obtain the true mean effective pressure will be {SA —
SB) divided by the area of the indicator card.

In calculating the equivalent scales, the largest and smallest

cards of the set are taken, and if the scales for these two cards

are nearly the same, the scales for intermediate cards may be

determined by interpolation. If the scales are widely different

for the largest and smallest cards, that of one or more interme-

diate cards should be calculated. In the present investigation,

however, the equivalent scale of the largest and smallest cards of

one set were found to agree within the limits of practical error,

so that the equivalent scales for tlie other sets were taken as

those corresponding to the average card. The results of the cal-

culations are given in Tables XIX. to XXIV.

I
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TABLE XIX.

INDICATOR OLD A.

Calculation of the Equivalent Scale, corrected for all Variation

IN THE Hot Scale of the Spring.

L.\i!GEsT Card of Set.

1

Division „ Corre-
spond'g
scale.

Area

scale.

1

Division
of

card.
Area.

Mean
Height.

Corre-
spond'g
scale.

Area

scale.

Al
A2
A3
A4
A5
A6
A7... ...

A8
A9
AlO

0.64
0.56
0.46
0.35

29
0.25
0.21
0.19
0.15
0.11

1.73
1.51
1.24
0.94
0.78
0.68
0.57
0.51
0.40
0.30

58.2
58.3
58.5
58.7
.58.8

58.8
57.9
57.4
56.8
56.8

37.25
32.65
20.91
20.54
17.05
14.70
12.16
10.91
8.52
6.25

Bl
B2
B3
B4
B5

' B6
< B7

B8
B9
BIO

0.06
0.02
0.01
0.01
0.01
0.01
0.01
0.01
0.02
0.03

0.16
0.05
0.03
0.03
0.03
0.03
0.03
0.03
0.05
0.08

56.8
56.8
56.8
56.8
56.8
56.8
56.8
56.8
56.8
56.8

3.41
1.14
0.57
0.57
0.57
0.57
0.57
0.57
1.14
1.70

Totals... 3 21 186.94 Totals... 0.19 10 81

Equivalent scale = (186.94 - 10.81) -f- (3.21 - 0.19) - 58.3.

TABLE XX.

indicator old a.

Calculation op the Equivalent Scale, corrected for all Variation
IX THE Hot Scale of the Spring.

Smallest Card of Set.

Division
of

card.
Area.

Mean
Height.

Corre-
spond'g
scale.

Area

scale.

Division
of

card.
Area.

Mean
Height.

Corre-
spond'g
scale.

Area

scale.

Al
A2
A3
A4
A5
A6
A7
A8
A9
AlO

0.44
0.42
0.34
0.27
0.22

18
0.14
0.11
0.09
0.07

1.19
1.13
0.92
0.73
0.59
0.49
0.38
0.30
0.24
0.19

58.5
58.6
58.8
58.8
58.0
57.2
56.8
.56.8

.56.8

56.8

25.74
24.61
19.99
15.88
12.76
10.30
7.95
6.25
5.11
3.98

Bl
B2
B3
B4
B5
B6
B7
B8
B9

1
BIO

0.07
0.01
0.01
0.01
0.01

01

0.01
0.02
0.02
0.02

0.19
0.03
0.03
0.03
0.03
0.03
0.03
0.05
0.05
0.05

56.8
.56.8

56.8
56.8
56.8
56.

8

56.8
56.8
56.8
56.8

3.98
0.57
0.57
0.57
0.57
0.57
0.57
1.14
1.14
1.14

Totals... 2.28 132.57 Totals... 0.19 10.82

Equivalent scale = (132.57 - 10.82) -s- (2.28 - 0.19) = 58.3.
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TABLE XXI.

indicator old a, with loose piston.

Calculation of the Equivalent Scale, corrected for all Variation

IN THE Hot Scale of the Spring.

Division
of

card.
Area.

Mean
Height.

Corre-
spond'g
scale.

Area

scale.

Division
of

card.
Area.

Mean
Height.

Corre-
spond'g
scale.

Area

scale.

Al
A2
A3
A4
A5
A6
AT
A8
A9
AlO

0.54
0.48
0.4.3

0.31
0.25
0.19
0.17
0.15
0.13
0.09

1.56
1.30
1.16
0.84
0.08
0.51
0.40
0.40
0.35
0.24

.59.0

59.5
59.7
50.9
58.8
57.6
57.2
57.1
57.1
57.1

31.86
28.56
25.67
18.57
14.70
10.94
9.72
8.56
7.42
5.14

Bl
B2
B3
B4
B5
B6
B7
B8
B9
BIO

0.07
0.02
0.02
0.01
0.01
0.01
0.01
0.01
0.01
0.02

0.19
0.05
0.05
0.03
0.03
0.03
0.03
0.03
0.03
0.05

57.1
57.1
57.1
57.1
57.1
57.1
57.1
57.1
57.1
57.1

4.00
1.14
1.14
0.57
0.57
0.57
0.57
0.57
0.57
1.14

Totals 2.74 161.14 Totals... 0.19 10.84

Equivalent scale - (161.14 - 10.84) -v- (2.74 - 0.19) = 58.9.

TABLE XXII.

indicator new a.

Calculation of the Equivalent Scale, corrected for all Variation

IN THE Hot Scale of the Spring.

Division
of

card.
Area.

Mean
Height.

Corre-
spond'g
scale.

Area
X

scale.

Division
of

card.
Area.

Mean
Height.

Corre-
spond'g
scale.

Area

scale.

Al
A2
A3
A4
A5
A6
A7
A8
A9
AlO

0.42
0.40
0.35
0.24
0.21
0.17
0.14
0.12
0.10
0.04

1.13
1.08
0.94
0.65
0.57
0.46
0.38
0.32
0.27
0.11

80.7
80.9
81.4
81.7
81.0
80.1
79.8
79.4
79.4
79.4

33.89
32.36
28.49
19.61
17.01
13.62
11.17
9.53
7.94
3.18

Bl
B2
B3
B4
B5
B6
B7
B8
B9
BIO

0.06
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.02
0.02

0.14
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.05
0.05

79.4
79.4
79.4
79.4
79.4
79.4
79.4
79.4
79.4
79.4

4.76
0.79
0.79
0.79
0.79
0.79
0.79
0.79
1.59
1.59

2.19 176.80 Totals... 0.17 13.47

Equivalent scale - (176.80 - 13.47) + (2.19 - 0.17) = 80.9.

I
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TABLE XXIII.

INDICATOR B.

Calculation of the Equivalent Scale, corrected for all Variation

IN the Hot Scale of the Spring.

Division
of

card.
Area.

Mean
Height.

Corre-
spond'g
scale.

Area

scale.

Division
of

card.
Area.

Mean
Height.

Corre-
spond'g
scale.

Area

scale.

Al
A2
A3
A4
A5
A6
A7
AS
AS
AlO

0.56
0.54
0.45
0.33
0.25
0.21
0.17
0.15
0.13
O.OS

1.46
1.40
1.17
0.86
0.65
0.55
0.44
0..39

0.34
0.21

58.5
58.6
58.6
58.6
57.9
57.1
56.7
56.7
56.7
.56.7

32.76
31.64
26.37
19.34
14.48
11.99
9. 64
8.50
7.37
4.54

Bl
B8
B3
B4
B5
B6 ......

.

B7
B8
B9
BIO

0.10
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.02

0.26
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.05

56.7
50.7
56.7
.56.7

56.7
56.7
56.7
56.7
56.7
56.7

5.67
0.57
0.57
0.57
0.57
0.57
0.57
0..57

0.57
1.13

Totals.. 2 ST 166.63 Totals... 0.20 11.36

Equivalent scale = (166.63 - 11.36) -=- (2.87 - 0.20) = 58.2.

TABLE XXIV.

indicator c.

Calculation of the Equivalent Scale, corrected for all Variation
IN the Hot Scale of the Spring.

Division
of

card.
Area.

0.55
0..54

0.51
0.37
0.29
0.25
0.20
0.16
0.13
0.08

Mean
Height.

Corre-
spond'g
scale.

Area

scale.

Division
of

card.
Area.

Mean
Height.

Corre-
sponii'g
scale.

Area

scale.

Al
A2
A3
A4
A5
A6
A7
A8
A9
AlO

1.43
1.40
1.33
0.96
0.75
0.65
0.53
0.42
0.34
0.21

48.9
48.9
48.9
48.5
48.0
48.0
47.9
47.9
47.9
47.9

26.90
26.41
24.94
17.94
13.92
12.00
9.58
7. CO
0.23

1

3.83

Bl
B2
B3
B4
B5
B6
B7. . ..

B8
B9
BIO

0.11
0.02
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.02

0.39
0.05
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.05

47.9
47.9
47.9
47.9
47.9
47.9
47.9
47.9
47.9
47.9

5.27
0.96
0.48
0.48
0.48
0.48
0.48
0.48
0.48
0.96

Totals... 3.08 149.41 Totals . .

.

22 10 55

Equivalent scale = (149.41 - 10. .5.5) h- (3.08 - 0.22) = 48.6.

DISCUSSION.

Prof. Pi. C. Carpenter.— 1 wish to ask if these results given

here are those which were obtained by test and not the nominal

scale on the springs.

Professor Jacohus.—The results which I have given are calcu-

lated by employing the hot scale of the springs as determined

20
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bj tests at known steam pressures. If the nominal scales, as

furnished by the makers, had been used, there would have been

wide variations. For example, in one spring, for which the

nominal scale is 50, the true scale, when all corrections are

made, is 48.G lbs., or there is a difference of about three per

cent. With another spring the difference is one per cent, in the

reverse way, so that the discrepancies which might arise by

employing the nominal scales would be about four per cent.

In other springs which we have tested, aside from the present

investigation, still greater differences have been found between

the nominal and true scales. In all tests, therefore, the hot

scales of the indicators should be determined and applied, and

if this is done in the way indicated in the paper there should

not be a discrepancy between the results of any two indicators

of over two per cent.

Mr. Geo. 1. Rochivoo(l

.

—I had an interesting experience which

showed the accuracy of construction of the Tabor indicator.

While testing a triple engine I thought that the diagrams from

the intermediate cylinder would look better if taken with 20-lb.

instead of the 30-lb. springs such as I was using. I telegraphed

to the makers to send me two 20-lb. springs, and on their arri-

val I tested them in the indicators. Although they were not

selected with special reference to the particular pair of instru-

ments I had, yet I could distinguish almost no appreciable

error.
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DLXXI.*

CRUCIBLE FURNACE FOR BURNING PETROLEUM.

BY W. E. CUANE, \VATERBUnY, CONN.

(Member of the Society.)

The furnace is built round as liigli as the top of the crucible,

and four or five inches larger in diameter. From there up it is

built square, and the corners used as described further on.

Fig. 89.

The pot stands on a support about six inches high. If it is a

furnace running continually, it is immaterial of what substance it

is made, or how solid, provided it w^ill withstand the high tem-

perature.

If a furnace runs ten to twelve hours only per day, it should be

made with as little substance as will withstand the temperature

and weight. If made solid, the first heat will take longer, as this

support must be thoroughly heated through before the bottom of

the pot will heat. After the first heat any support will be all

* Presented at the New York meeting (December, 1893) of the American Society

of Mechanical Engineers, and forming part of Volume XV. of the Transactions.
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Fig. 90.

right. Fig. 89 shows an elevation of the furnace, which has been

rebuilt from one using grates for coaL A brick bottom is put

over the grates to preserve them, but one grate should be taken

out and a hole left through the bottom, so that the metal can

run through if a pot breaks.

Fig. 90 shows a plan of furnace at the top of the pot. Four

pieces should be provided of the shape shown

in one of these corners, which Avill rest on top

of the pot and in the corner of the furnace,

shutting in the products of combustion around

the pot below the top. Bj this means fully

15fo of the fuel will be saved, a much hotter

fire secured, and faster work done. A small

flue should lead off from the top of this cham-

ber, not over 2^ inches square, either to the

chimney, or to a heater for heating the air,

or to other system of economizing the heat from waste gases.

When the waste heat is utilized, this construction is essential

in melting alloys, especially where spelter or zinc is used, as the

fumes would coat over or fill up any economizer. By closing the

space at the top of the pot the fumes from the alloys can be

carried off through a separate flue. This flue should have from

30 inches to 40 inches area.

The burner would preferably be an air burner, with as low a

pressure as possible. Some burners work nicely with as low as

6-ounce pressure. All of the air for combustion should be supplied

by the blower. With an air burner at high temperatures there is

usually a deposit of carbon. This can be prevented by introduc-

ing a small jet of steam, preferably superheated. As a general

thing this will be found to cause more annoyance than that of

removing the deposited carbon. The steam will have a tendency

to lengthen the flame, and as a consequence the heat will be less

intense, more of the heat passing off into the flue.

There should be a good draft to take off fumes Avhen using

alloys, which smoke a good deal ; but the draft for the products

of combustion should be light.

For the support for the crucible in furnaces running ten hours

per day, the writer has found an old j^ot cut off at the right length

and turned bottom up to be as good as anything tried.

The pieces to shut off at the top of the pot should be made of

crucible stock and well seasoned.
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DISCUSSION.

J//'. IT'. F. Durfee.—This paper lias a good deal of interest

for me. I merely wish to ask a couple of questions ; one as to

whether the sectoral piece of fire-clay on the top of your cru-

cible interfered with pulling out the crucible from the melting

hole ; and the other, what the actual expense of melting with

oil as fuel is, as compared with coal.

2[r. G. C '. Hennlng.—I had occasion to watch the operation of

some oil-fired crucibles for melting steel, and I found that the

exj^ense was neither in keeping the crucibles in repair nor in

the waste of material, but it was altogether in the difficulty of

keeping the floor of the shop or foundry in position, because it

was always open to have the pipes and valves looked after and

cleaned out, by reason of the deposit from the oil back of the

furnace, on account of the heating of the floor and furnace walls

around the pipes. What had to be done to overcome this con-

stant necessity of repairing and cleaning the pipes and valves

was to run a hot pipe along the oil-pipes to prevent any chilling

after heating, and to provide a drip-system to gather all the

heavy material out of the oil before it got anywhere near the

furnace. Then, if. as in this process, pure oil is not used—it is

probably intended to use crude Lima oil— there is so much
deposit that even if the furnace stands for a short time, enough

gases will be driven ofi" to leave a heavy residue in valves and

pipes, and if there is not a cistern, or collector, some distance

from the furnace the pipes and valves will always become
clogged, and the furnace will in a short time be useless, and it

will cost a great deal to put it into good working order again.

Mr. A. A. Cary.—I would like to question the author as to

the character of the flame which he uses in this furnace, and

specially Avhether he admits air enough to produce a blue flame

or whether he uses the radiant yellow flame. In looking into this

question with a view to selecting burners for an oil-firing plant at

the Columbian Exposition, I visited a number of oil furnaces and

looked considerably into this matter. The blue flame is gener-

ally used in the laboratory or elsewhere where it is to come into

direct contact with the article to be heated. But when it does

not come into direct contact, and the yellow flame is used for

radiation, it is apt to deposit carbon, as the author has stated.
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The experience of the fuel oil departmeut of the Staudarcl Oil

Company indicates that for the best results the flame should

not strike the article directly, but against a baffle wall of fire-

brick or something of the sort.

By the use of the yellow flame the effect of radiation is secured

from the little red and white hot particles of carbon which form

the flame, and by this means they get better results. By using

the flame in direct contact with the article to be heated, they

obtain only comparatively poor results.

Di . H. G. Torrcy.—I would like to ask the author whether he

has experienced any bad effects on the crucible from its having

a direct flame at one side only with no corresponding flame on

the other? He also says the oil furnace should preferably be

an air furnace. Is the other alternative the use of steam for

bringing the air in, or can an oil furnace be run without a press-

ure of air at all ?

What other burners are alluded to in saying ' preferably an

air burner " ?

Ml'. 0. C. Woolson.—The construction of this furnace would

indicate that it has a rather limited combustion chamber. It

may be all right for the crucible furnaces ; of these I have had

but limited experience. But I have had considerable experi-

ence in larger heating furnaces, where it seemed to be very

necessary to have a good, liberal-sized combustion chamber

before the flame was brought in contact with the steel or with

the metal in any way. It seems to me I should question a max-

imum efficiency of this furnace without some provision for a lib-

eral combustion chamber contiguous to the crucible chamber.

Mr. W. E. Crane.^'—I will reply also to two criticisms which

were made by a gentleman who is not able to be here to-day,

one as to the economy and the other as to the life of the cru-

cible. In this case the economy was about 30;o over coal, at the

price of $5 per ton jjaid for egg coal and two and a half cents

l^er gallon paid for oil, at Waterbury, Conn. As to the life of

the crucible, a crucible in a brass furnace will last about 35

heats, and in a silver furnace about 15. This is the crucible

which we tried. We tried it on brass first and carried about 18

heats with brass, then we put the same crucible on to silver and

cast about 14 heats from that. So that the life of the crucible

* Author'a closure, under the Rules.
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was perhaps about half used up ordinarily iu heating brass, and

then it had nearly the life of the crucible for melting silver.

While we were conducting the experiments we got in a new lot

of crucibles, and after trying those we Jbund that on putting a

new crucible in the furnace it would break ; that the only way
to get the crucible to stand was to get the first heat with coal

and afterwards with oil. It was apparent that there must be a

special mixture.

The pieces at the top of the pot, of course, would have to be

removed. I know of no other way of shutting in anything of

that kind. These pieces were put in in four sections, for the ease

in removing them, and because in four pieces of that kind they

were longer-lived than by having them in two pieces.

Mr. Dur/ce.— Did you have any trouble with pieces welding

at the top of the pot ?

Jlr. Crane.—No. I never had any trouble with the welding at

the top of the pot. The only trouble was at the bottom. This

troubled only with the first heat, and was overcome by putting

on some black-lead on the bottom of the pot before putting it in

the furnace.

We experienced the same trouble that Mr. Henning mentions,

of sediment collecting in the pipes, and also put in a settling-

chamber to catch the deposit which comes from crude petroleum,

and also the water. This not being sufficient, we arranged the

pump so that the oil could be pumped out of the pipe leading to

the furnaces ; but with this the sediment could not be removed,

so a steam-pipe was connected to the oil-pipe near the furnace,

the oil pumped out, a valve turned so that it opened out-of-doors

or into a catch-basin, and the pipe could be readily cleaned. A
few trials of stopping-up would tell how often it occurred. It

could then be anticipated, and the pipe blown out before it gave

trouble. If a pipe was over 100 feet or 150 feet long, I should

think it a good idea to have valves to divide it iu sections, so as

to avoid heating up too long a section at a time, and cracking

fittings from too great expansion.

These furnaces were run with a white flame ; tha^ is the near-

est we could get to it
;
possibly it might be called a yellow flame,

but in this case it was white.

As to the size of the furnace, I think that in a furnace of this

kind you could build it larger without any disadvantage. But as

this was all the room that we had, the plan pursued worked very
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nicely. I would say that in melting with coal at the draught

they had for melting a 200 pot of 22^ German silver and with a

chimney that would give about .76 of an inch pressure of a col-

umn of water, it would take about two and a quarter hours after

the first heat with coal. With oil, we have run them as fast as

one in an hour. But running them faster your economy will

decrease. If you run at a rate one-third faster than the coal, you
will get no more economy than you would with coal. We had
only this one furnace, and put this burner only on one side, and

the pot is always set with this little nozzle or mouth towards the

front, as that is the handiest way of getting the tongs on and

carrying it to the molds, and we noticed no more deterioration

in front of the crucible than in the rear. I have thought, how-
ever, if it was possible, that it would be better to put the burner

in at an angle, so that it would go around instead of striking

directly on. I say, that where it is possible to do that it would be

preferable. I spoke of the air burner from having had experi-

ence on other work with the steam burner. The steam burner

makes a longer flame, and for casting you want a very short

flame and local heat, and have it intense in a small spot, which

you probably could not get with a steam burner. We tried one

burner of what used to be the Springfield or the Aerated system,

which furnishes air rather from the current which is induced by

the small steam jet which they have, and that was not a success.

We could not make it work with that, and unless we had a very

strong draught through the furnace, which would take in sufficient

air for combustion, we could not regulate it. But with an air

furnace, furnished from an ordinary fan, in which the full amount

of air can be regulated, you could get any heat to run the furnace

as fast or as slow as you chose.
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DLXXII.*

Oy THE MAXIMUM COyTEMPORART ECONOMY OF
THE RlLr 11-PRESSURE MULTIPLE-EXPANSION
STEAM-ENGINE;

WITH A COMPARISOX OF ITS EFFICIENCV WITH THAT OF ITS IDEAL
REPRESENTATIVE UNDER SIMILAR EXTERNAL CONDITIONS.

BV ItOBEIIT U. THUUSTON, ITUACA, N. Y.

(Member of the Society aud Past President.)

The Maximum Contemporary Economy of the Steam-engine of

the time has now so nearly approached the computed efficiency

of its ideal thermo-dynamic representative, under similar external

working conditions, that it has come to be admitted that the dis-

tance separating them, a consequence of the more or less unavoid-

able and irreducible wastes to which the former is subject and

from which the latter is free, although still growing less, is ex-

ceedingly difficult of further reduction. The closer the approxi-

mation of the real to the ideal, the more difficult is it further to

improve the machine, and the more certain is it that any con-

siderable and rapid gain is out of the question. We have, for a

century, been constantly changing the conditions exterior to the

machine, in such manner as to raise the maximum efficiency of

the ideal case as steadily higher and more difficult of attainment

by the real engine ; while we have as constantly and steadily

reduced the defects of the latter in such manner as to make the

approximation of the real to the ideal all the time closer, in spite

of these obstructing circumstances. Perhaps the best view of

these changing conditions and performances may be obtained by
observation of the continual gain exhibited in its histor}^, since

the days of "Watt or of Xewcomen, in the magnitude of the tech-

nically so-called " duty " of steam pumping engines.

With improving thermo-dynamic conditions and decreasing

wastes in the engine, starting from the 5,000,000 duty of the

* Presented at the New York Meeting (December, 1893) of the American
Society of Mechanical Engineers, and forming part of Volume XV. of the Trans-

actions.
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TUE MiLWAUKEIi TnU'Lli-ExPANSION PUMPING ENGINE, 1892.

Fig. 91.
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SaveiT eugiues still existing in the time of Watt, the 12,000,000

of Smeatou's Newcomen engine of the same period, and the first

figures of Watt, perhaps averaging 20,000,000 foot-pounds per

100 lbs. fuel ; and tracing the improvement through the most

flourishing period of Watt's work, when he attained about

30,000,000, and his-final perfection of the later Cornish engines,

which, still later, attained in ordinary operation 60,000,000 to

80,000,000, we come to the period of successful introduction of

the modern forms of the high-pressure multiple-expansion pump-
ing engine, from ISGO, giving duties ranging up to about 100,-

000,000, to 110,000,000, and to 120,000,000 in the succeeding gen-

eration and to date.

Tbe improving thermo-dynamic conditions which have made
these results possible have been, first, the gradual elevation of the

steam pressure from 5 lbs. per square inch in 1800, to 20 lbs. in

1840, to 50 at the middle of the century, 75 a quarter of a century

later, to 120 and to 150 and 175 in contemporary stationary and

marine practice, and even to above 15 atmospheres in some in-

stances. The second, and no less essential element of this progress,

has been the simultaneous rise in the ratio of expansion from the

time of Watt to the present, and from unity in his earliest practice

to four for the latest Cornisli form of the Watt engine, to six and

eight a generation ago, and to fifteen and even twenty and more

in the latest multiple-expansion machines. A terminal absolute

pressure of about one-third of an atmosphere probably represents

the Hmit to which expansion has been successfully carried. A
higher rather than a lower terminal pressure is usual in the best

practice of the day. The third element of improvement has been

the increase of speed of piston and of rotation ; although this has

been less observable in steam pumping engines than in other types.

Beginning with 200 to 300 feet per minute speed of piston, the

figure has gradually risen to 500 and 600 in later years, and to

above 1,000 in many cases to-day. These three have been the

essential elements of improvement in the real engine; the latter

supplementing the two others, which give thermo-dynamic gain.

Improvements in design and construction have completed the

advances thus made possible.

The Cclmination of this Century of Improvement, so far as

the writer is at present informed, has been reached in the case to be

here reported as illustrating the maximum contemporary economy
of the high-pressure multiple-expansion steam pumping engine

;
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whieli case is to be compared witli the representative tliermo-

dynamic case ; the purpose being (1) to indicate what is the limit

attained in this advance, up to date ; (2) to show how far this limit

is still removed from the corresponding limit of the pure thermo-

dynamic case, and the location of the latter limit ; and (3) the nature

and extent of the wastes in the real case, the sum of which con-

stitutes the difference between the real and the ideal cases. This

latest and highest record of efficiency and duty, one which may
very possibly long stand as the highest record—the passage of the

date at which the quantity of steam used per hour and per horse-

power is below 12 lbs. (5.5 kilograms), constituting an important

era in the history of the steam-engine—is, on the customary Ameri-

can basis of 100 lbs. of fuel, 143,306,470 foot-pounds. On the old

British basis of 112 lbs. (1 cwt.) it becomes 152,630,000, and on

the proposed bases of 1,000 lbs. feed-water converted into dry

steam, and of 1,000,000 B. T. U., is 154,048,000 and 137,656,000,

respectively. For kilogrammeters of work per kilogram of fuel,

the figure becomes 429,110. These figures, compared with those

of the preceding paragraph, will complete the record of progress

to date, and perhaps indicate practically the limit of advance for

the nineteenth century in this department of human achievement.

It still leaves us a margin of nearly 25^ between the ideal and the

real case for further gain; the thermo-dynamic case, assuming

similar pressures and ratio of expansion, demanding about 9 lbs.

of steam per horse-power per hour, and giving a duty of close upon

175,000,000 on the first-named basis, and about 200,000,000 on the

highest standard. The ideal and the real efficiencies correspond,

respectively, to fuel consumptions of 1.1 and 1.8 lbs. per horse-

power per hour, with good boilers.

The Marquis of Worcester, more than two centuries ago, an-

nounced his modernization of the Hero steam-fountain as affording

" an admirable and most forcible way to driue vp water witii fyre,"

and " with little ciiarge to drayne all sorts of mynes " (1659), but

he little thought that he was utilizing perhaps only one per cent,

of the thermo-dynamically transformable thermal energy of his fuel,

or that the steam-engine, at the end of the nineteenth century,

would "driue vp water with fyre" with "little charge to drayne

all sorts of mynes," at the rate of a penny where it cost him three

shillings. No one, in his time, dreamed that his marvelous " fire-

engine" wasted 100 lbs. of fuel where it utilized one, or that the

wastes of the engine were so largely capable of leduction by
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the inventive and constructive genius of the mechanic and engi-

neer.

Our " Eeal Case," the Milwaukee Pumping Engine, built for

that city by the E. P. Allis Co. from the designs of Mr. Keynolds,

has been in operation since August, 1891, doing continuously so

high a duty as to place it among the most remarkable construc-

tions of its class and time, and probably to make its record the

highest on record to date. It draws water from Lake Michigan

and forces it into the city mains under a head of about 160 feet,

into a reservoir, from which other engines raise it into a still higher

level, so far as needed for consumption at greater elevations. The
engine here under consideration is at the North Point station, at

the level of the lake, very nearly. The station contains also a pair

of compound engines, built in 1874, which gave a duty, originally,

without cut-off on the low-pressure cylinder, of 77,000,000 on 100

lbs, of coal. After fitting this cylinder with cut-off gear, the duty

rose to above 85,000,000, The pump raises about 900 gallons

per minute, with a slip of 2^. There is also, besides these, a

compound engine by Allis & Co,, built in 1884, delivering 12,000,-

000 gallons per day against a head of 150 feet, and with a duty

reported by Mr. Beuzenberg, the City Engineer, from test, of

104,820,431 foot-pounds per 100 lbs. of best coal. The latest of

the collection is that here to be examined—a triple-expansion

engine built to raise 18,000,000 gallons per day of twenty-four

hours, guaranteed by its builders to perform a duty of not less

than 125,000,000 per 100 lbs, of anthracite coal.*

The History of the Work is briefly as follows : The attention

of the writer was first called to this remarkable case by Mr. E. D.

Leavitt, who, in December, 1892, reported its performance as

12.17 lbs. of water per horse-power per hour, and suggested ob-

taining from its designer and builders the facts relating to the

plant, with a view to publication in the interests of science and
of the profession. Acting at once upon this suggestion, the writer

secured permission from the City Engineer's office, and from the

builders and the designers of the engine, to make a special duty-

trial of the machine, in the interests of all concerned and of the

profession especially. The trial was to be made by the Sibley

College staff, as a part of the year's work of the Department of

Experimental Engineering, with every facility that either the pro-i

_
j

* See Appendix A for Mr. McMillan's report.
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prietors, the builders, or Cornell University and Sibley College

could furnish. The results were to be worked np in the Sibley

College laboratories, reported by the college to the designers,

builders, and users of the engine, and published as soon as prac-

ticable by the writer, acting for the parties interested.

It was proposed that the trial should be made during the Easter

vacation of the college, by a party to be selected, organized, and

directed by Professor E. C. Carpenter, and to include such skilled

and trained observers as could best be secured from his own
department, re-enforced by observers sent in by the City Engineer

and by the Allis Co. Among the " crew " sent out from Ithaca

were several men engaged in graduate work, seeking material for

their " Masters' theses," and some undergraduates who had en-

joyed exceptional opportunities and shown great skill and efficiency

in work of this kind. The s])ecial desire of the writer was to secure

such data as would serve for a comparison of the theoretical ideal

and the real engine, such as is here attempted, which comparison

had never before been made in precisely this manner or with what

it was hoped would prove such unexampled completeness.

This trial was finally made as proposed, and the results proved

to be even more striking and satisfactory than had been claimed

by the builders or reported to the writer. The data and observa-

tions are preserved on the files of the Sibley College laboratory.

The Design of the Engine (Fig. 91) embodies some special

features regarded by the designer and builders as important, and

as contributing effectively to the attainment of this exceptional

economy. According to the statement given by Mr. Irving Rey-

nolds, to whom the writer is indebted for many facts of interest

and useful information, the designer was guided to a certain

extent by these considerations

:

" Starting with proposition that an outside packed plunger

pump is the simplest, and under most conditions the best form

of pump, the next step is to use the least number that will give

a uniform fiow of water ; viz.: three, set at equal angles (120°).

Having three plungers, they can as well be single as double act-

ing, as the flow of water is practically constant and the single

acting is much the simpler form of pump," (Fig. 92.)

To these principles, as appertaining to the pump, the writer is

inclined to add, as affecting the steam-end : the clearance vol-

umes, and their surfaces especially, should be of minimum magni-

tude ; the steam passages should bo of such large section, and
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the valves so adjusted, as to cause no loss of pressure in the intro-

duction nor any perceptible loss of work in the rejection of the

working charge ; the jackets should be applied to heads even more

scrupulously than to the sides, where, in fact, experience shows

OR A-SINGLE DOUBLE ACTING PUMP

No. 3 THREE SINGLE ACTING PLUNGERS SET 120" APART

No.4 FOUR SINGLE ACTING PLUNGERS SET 90 APART
OR A DUPLEX DOUBLE ACTING PUMP

BradUu i- Poatet, Engr't, S.r.

Fig. 92.

—

Flow op Water in Pumps.

that they may be of little, perhaps in some cases of no, advan-

tage.*

In the opinion of Mr. Reynolds, also : for multiple-expansion

engines to do their best work requires that the conditions under

which the engine is to work must remain constant for long periods,

and that these conditions must be definitely known when design-

* The ideas of Mr. Edwin Reynolds in this matter are given in the writer's

paper on Steam-jackets ; Trans. A. S. M. E., 1890.
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ing the engine. The marine engine, on long voyages, illustrates

these conditions, and a pumping engine on reservoir work has as

nearly perfect conditions as any other machine, while the arrange-

ments for obtaining bigh economy can be more readily supplied

than at sea. Another reason for the use of triple expansion for

pumping engines is, that baving found three pumps desirable for

the water ends, three steam cylinders become necessary, and the

cost then is not increased by making them triple, rather than

compound.

An interesting peculiarity of the practice of Mr. E. Reynolds

has been the application of the principle of multiple expansion

in larger degree for a stated pressure than is usual among other

designers, as, for example, in his quadruple expansion eugine with

steam at 80 lbs. by gauge, at Warren, R. I. Mr. Irving Reynolds

also furnishes the following interesting historical facts :

The first engines embodying these ideas were a pair of 5,000,-

000 gallon machines designed by Edwin Reynolds, and built for

the water-works at Allegheny, Pa., in 1883. They were of the

three-cylinder compound type, having one high-pressure and two

low-pressure cylinders, connected to separate cranks set at angles

of 120°. The steam-cylinders Avere set at the floor level, the

crank-shaft and fly-wheels being carried on top of heavy A frames.

The pumps were located beneath each steam-cylinder, the steam

piston-rods being extended through the bottom cylinder-heads

and connected to the pump plungers. These machines were very

"successful, developing a duty of 110,000,000 foot-pounds at 120

feet piston speed, with steam at 107 lbs. jDressure.

Following the same line of construction this firm built, in 1886,

what is believed to be the first triple-expansion engine applied to

water-works service. The arrangement of the pumps was the

same as with the compound engines described above, i. e., three

single-acting plungers * (Fig. 92), but the positions of the steam-

cylinders and shaft were reversed, and cylinders were mounted

on top of the A frames, the shaft being carried in journals in the

bed-plates, similar to marine practice. The steam pressure speci-

fied by the city was not to exceed 80 lbs. per square inch, and

predictions were freely made that with tliis low pressure the

triple-expansion engine would be a failure as far as fuel economy

* The fluctuations of action are well shown in Fipf. 02, for tliesiug-le, the double,

the triple, and thci Worthington (iuph^x Hystems of i)umpa. Case 6* is that here

described. See, also, Jfaii. Kt. Eny., Vol. I., p. 177.
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was concerned. This engine is stated to have given a duty as

high as 129,000,000 foot-pounds, and has developed an indicated

horse-power with 13.84: lbs. of steam per hour, with steam at 80

lbs. pressure ; these results seeming to bear out Mr. Beynolds's

idea that -whatever gain there may be in the use of multiple-ex-

pansion engines, the percentage is as great with moderate as with

higher steam pressures. In other words, while high pressures are

desirable with almost any type of engine, they are not absolutely

necessary for the success of multiple-expansion engines.

The Milwaukee engine was designed by Mr. Irving Reynolds,

under the general supervision of the superintendent of the Allis

Works, Mr. Edwin Reynolds. The pumping station and a per-

spective view of the engine are presented herewith. Its general

construction is as follows :

The engine is of the vertical triple-expansion type, with steam-

cylinders and parts above the bed-plate arranged somewhat similar

to those of the modern marine engine. (Figs. 93, 94.) The capacity

of the engine is 18,000,030 gallons in twenty-four hours, raised 160

feet, and the speed is 20 revolutions per minute, or 200 feet piston

speed. The cylinders are three in number, one high-pressure, 28

inches diameter, one intermediate, 48 inches, and one low-press-

ure, 74 inches diameter, all having a stroke of 60 inches. The
cylinders are mounted on cast-iron A frames, which rest on heavy

bed-plates carrying the main shaft journals. The cylinders are

steam-jacketed, having the working barrels inserted as separate

pieces. The steam and exhaust valves are located in the cylinder-

heads, their chests thus jacketing the latter.

The general appearance of the engine is well shown in

Fig. 91, as it appears from the engine-room floor.* The pumps
are entirely below the floor. The fly-wheels perform the office

simply of aiding in the regulation of the engine. Between
each two cyUnders is a receiver, heated by high-pressure steam.

The volumes are, respectively, high-pressure, 101.3 cubic feet,

intermediate, 151 cubic feet. In the high-pressure and intermedi-

ate cylinders the jackets are supplied with live steam at boUer

pressm-e ; but on the low-pressure cylinder the jacket is supplied

with steam which passes through a reducing valve, and which has

a constant pressure of 34 lbs. The steam is supplied to the high-

pressure jacket by a pipe leading directly from the main steam-

* Thurston's Manual of the Steam,'Engine, Vol. I., p. 176,

21
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Fio. 94. --Section ok Pumps.
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pipe ; the exhaust from this jacket supplies the jacket of the inter-

mediate cylinder, aud this is led into a trap, the overflow of which

ordinarily passes into the suction of the feed-pump for supplying

the boilers. The exhaust steam fi'om the low-pressure cylinder

jacket is similarly received into a steam-trap and discharged into

a feed-pipe.

The exhaust valves of the low-pressure cylinders when closed,

are flush on the inside of the cylinder-head, thus eliminating

clearance due to exhaust ports. All the valve ports are located

in the cylinder heads.

The valve gear is of the Corliss type on the high aud interme-

diate cylinders, and a combination of Corliss steam valves and

poppet exhaust valves' on the low-pressure cylinder. The clear-

ances in the cylinders and ports are : H. P., ly^^ ; I. P., li^^ ; L. P.,

fvV of 1^-

The cut-offs of the high-pressure cylinder are under the control

of a speed governor combined with an adjustable hand cut-off.

The cut-offs of the intermediate and low-pressure are controlled

by a hand gear only, the point of cut-off in these cylinders being

set usually in the inverse ratio of the cylinder volumes. Each
steam-piston has two rods connecting to a forged steel cross-head

;

from this cross-head extend four tie-rods to the head of the pump
plunger, thus transmitting the motion direct from the steam-

pistons to the pump plungers, without passing through links or

beams of any kind, making the machine direct-acting in the best

sense of the term.

The upper ends of the connecting rods take hold of the cross-

head in the space between the two piston-rods, the lower end

connecting to its crank-pin. There are three cranks set at angles

of 120°, and the motion of each pump plunger being controlled by
its own crank, tends to secure uniform flow of water through the

pumps.

The center crank (intermediate) is considerably larger than the

others, and is fitted with drag boxes, to prevent the breaking of

the shaft in case it gets out of alignment. There are two fly-

wheels, 20 feet diameter, and weighing 50,000 lbs. each.

The accompanying diagram (Pig. 95) by Professor Peabody
shows the rotative effect of the reciprocating parts.

The pumps deliver only on the down stroke, but the plungers

are balanced to one-half the head, so that the work in the steam-

cylinders is uniform on both the up and down strokes, and the only
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load passing tlirougli the crank-shaft is that which is given to

aud taken from the fly-wheels at the beginning and end of each

stroke.

The pumps are three in number, one located beneath each en-

gine. The plungers (32-inch diameter) are of the single-acting out-

side-packed plunger type, each plunger being driven from a cross-

head. The valve-chambers are cylindrical, and extend above the

discharge valves, formiog air-chambers, on which rest one end of

the engine bed-plates, this latter arrangement saving foundations,

and at the same time rendering the pumps easily accessible. The
pump-valves are rubber, of small diameter (3^-incli), and are

mounted in groups of 28, on " cages." There are seven of these

cages (196 valves) in the suction and discharge of each pump,

with an area about equal to that of the plunger.

The engine is fitted with a surface condenser, the air, feed, and

circulating pumps being driven by an arm extended from the low-

pressure plunger. The air-pump is 22 inches diameter by 60

inches stroke, and is single-acting.

Steam is supplied by a Battery of five horizontal tubular ex-

ternally fired boilers, with ordinary brick setting. Four boilers

are ordinarily used, though three are ample for supplying this

engine, four readily supplying steam for an additional 12,000,000

engine in the same building. The boilers are GQ inches diameter

by 18 feet long, each containing 55 4-inch tubes, and having about

1,200 square feet of heating surface. The boilers have steam

domes 32 inches diameter by 48 inches high, but have no mud-

drums. The boilers are fed by a perforated pipe extending the

whole length of the boiler above the tubes, and just below the

surface of the water.

The arrangement of the pumps is shown in Fig. 97 ; a plan of

engine foundation, pumps, boilers, and arrangements for supplying

feed water. The pumps, F, are located directly beneath the en-

gine cylinders. The valve-chambers are located in a cylinder, VC.

Instead of being arranged on a single plane, they are situated on

the sides and tops of hexagonal prisms. (Fig. 94.) The valves are

rubber, about four inches in diameter, aud their combined area is

equal to that of the pump plunger. The water is received through

the lower portion of the valve chamber, passing the suction valves,

then is, by the reverse motion of the i^lunger, forced outward and

upward past the delivery valves. The well is connected with Lake

Michigan by a tunnel. The bottom is 39.8 feet from the pressure
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gauge on the engine-room floor. The center of the valve-chamber

is 19.8 feet below the gauge, and the suction lift from the center

of valve-chamber to the surface of the water averaged 10.77 feet.

The Contractor's Trials of this triple-expansion engine were

made in July, 1S92, by Messrs. Benzenberg and Lewis ; the first

to determine the capacity of the engine, the second to secure a

record of its maximum economy. The data and results of this

series of trials, as supplied the writer, are as below. No deter-

mination of the quality of the steam was made ; but it was un-

doubtedly substantially the same as in the Sibley College trial, to

be described later. It is also very possible that the small leak

discovered on the latter occasion then existed, and this may
possibly account for a part, if not all, of the 3^ difference in

dut}- observed between the two cases. The longer working of

the engine also reduced its friction somewhat, and this will account

for some gain of duty, as, on the last trial, the machine exhibited

an exceptionally excellent mechanical efficiency. That the latter

condition has had a sensible influence is further indicated by the

fact that on starting the engine at the beginning, with its full

load, it was found that it could only work for a time, and until its

bearings were smoothed up considerably, when prime steam was

turned into the intermediate cylinder, to help the engine by thus

increasing its power. The duty obtained during these tests, as a

maximum, is, however, but about 3^ less than that attained

during the Sibley College trials, and its designers think it very

possible to still further improve its performance somewhat by

some slight changes and refinements of construction and opera-

tion. The following are the figures officially reported, and upon

which the engine was accepted by the city of Milwaukee. Its

regular work began August 23, 1891.

It was the outcome of this trial, as reported to the writer, which

led to the later and more remarkable work which is the subject of

this paper.

Contractor's Trials, Triple-Expansion Pumping Engine.

1892.

Date of trial July 12, 13. July 20.

Duration, hours 24 24

Total revolutions of engine 29,566 29,524

Revolutions per minute 20.532 20.503

Average steam pressure by gauge 125.8 125.33

Average vacuum pressure by gauge 13.794 13.75
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Average first receiver pressure by gauge 28.17 29.83

Average second receiver pressure by gauge 0.406 1.10

Barometer, inches .... 27.99 —
Total liead of water pumped against 153.56 —
Average temperature of feed water, Fahr 130° 132.2°

Total coal burued (Anthracite egg) 18,700 19,200

Total ashes 2,690 3,187

Per cent, of ashes and refuse 14.385 16.6

Actual evaporation per pound of coal 8.76 8.758

Equivalent evaporation from and at 212° 9.91 9,89

Coal per square foot of grate per hour — 7.5

Total number of gals, pumped by plunger displacement.

.

18,528,657 —
Average indicated liorse-power 557.029 576.449

Total weight of feed-water — 168,163

Feed water per I. H. P. per hour — 12.155

Coal per I. H. P. per hour — 1.387

Duty per 100 lbs. of coal burned, foot-pounds 126,865,240 —
Duty on supposition that evaporation was 10.27 from and

at 212°, foot-pounds 132,950,524 —
Duty as above coal if containing S% water 136,900,000 —

That this exceptional duty is not the result of accidental and

fortunate concurrence of favorable conditions is proven by the fact

that several other engines of similar design have closely approxi-

mated these figures. Thus, the trial of the three Chicago engines,

by Messrs. E.. W. Hunt & Co., has since given the following :

*

EeSULTS of CONTRACTOn'S TRIAL OP CHICAGO PUMPING ENGINES, JULT, 1893.

Aggregate delivered horse-power 1,031.47

Mechanical efficiency 0.9143

Aggregate indicated horse-power 1,128.15

Feed water per delivered horse-power per hour 13.267

Feed water per indicated horse-power per hour, pounds 12. 13*

B. T. U. per delivered horse-power per minute 244.6

B. T. U. per indicated horse-power per minute 223.7

Indicated horse-power per square foot of upper grate (H. furnace) .

.

12.82

Heating surface per indicated liorse-powor 4.35

Foot-pounds per 1,000 lbs. of feed water (contract basis) 148,958,000

Foot-pounds per 1,000,000 B. T. U 134,643,030

Foot-pounds per 100 lbs. of bituminous coal 118,022,900

Foot-pounds per 100 lbs. of combustible 128,852,500

* No correction for moisture.

The comparatively low duty per hundred pounds of coal is due

mainly to the grade of fuel, but is partly owing to the fact that

only four boilers out of nine were in use, thus making the evapo-

ration per square foot of heating surface too high for the best

* Report to City Engineer of Chicago, July 5, 1893.
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results. These figures are reproduced here, not simply as of

striking importance and interest, but also as showing the certainty

that the still more remarkable figures here to be presented have

been repeatedly approximated, and that there was, beforehand,

no inherent improbability of their attainment.

The second of the older engines is usually operated in connec-

tion with the triple-expansion engine ; their combined capacity

(30,000,000) being about equal to the maximum daily consump-

tion of water by the city.

The Annual Duty of this Station, when all the work was done

by compound engines, was about 80,000,000 foot-pounds per each

100 lbs. of coal burned, and for the year 1892, with the triple-

expansion engines pumping five-eighths of the total water supply,

the duty was nearly 100,000,000 foot-pounds per 100 lbs. of coal

burned—a saving of 2i'yc ; and if the water could all be pumped
by engines equal in efficiency to the triple-expansion engine, the

average duty would be not less than 115,000,000 foot-pounds, a

saving of more than -lO^ over the com])Ound engines.*

The duty figures given include all coal burned during the year,

for all purposes, including heating, steam for electric-light engine,

^nd for ninning the Water-works repair-shop.

The following is Mr. McMillan's report of weekly records

:

WEEKLY RECORD OF NO. 4 TRIPLE-EXPANSION PUMPING ENGINE,

SHOP ENGINE RUNNING ON SAME BOILERS, MAKING REPAIRS

AND LIGHTING BUILDINGS.

1

1

1 Hours
run.

1

Revolutions
Made.

Coiil

Consumed.

lbs.

Ashes,

lbs.

Average
Head of
Water,
in feet.

Weekending Oct. 22, 1892
" 29, •'

Nov. 5, "

Week ending March 4, 1893
11, '•

18, '•

165
168
121

168
167
163. .30

198,300
200,140
142,730

187,450
191,270
183,400

141,900
143,400
103,500

141,000
143,100
138,600

21,473
21,152
16,703

21,014
20,818
20,921

159.11
158.78
160.70

162.51
161.25
161.19

r4Boilers running
j 66 ins. Diameter.
1 18 ft. long.

155 4-in. Tubes.

>-3BoiI(.Ts running

The Prices paid for the three Engines illustrate the recent

advances in machine construction and design very forcibly. The
16.000,000 compound, in 1873, cost, with its boilers, $165,000, or

810,000 for each 1,000,000 capacity, and the guaranteed duty was
60.000,000 foot-pounds.

* See Mr. McMillan's statement. Appendix A.
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The 12,000,000 compound, put in in 1881, cost $65,000 without

boilers, or $5,400 per 1,000,000 gallons ; the guaranteed duty being

97,000,000 foot-pounds. In 189'> the triple-expansion engine was

put in for $76,000, including boilers, or $4,400 per 1,000,000

gallons, or, exclusive of the boilers, $66,000, equal to $8,666 per

1,000,000 gallons capacity.

Thus the 18,000,000 engine of 1893 cost practically the same

as the 12,000,000 of 1881, with 29^ better guaranteed duty ; and

the compound 16,000,000 engine of 1873 cost more than twice as

much, with one-half the guaranteed duty of the 18,000,000 triple-

expansion of 1893. These figures are the more interestiug- from

the fact that all three of these engines are by the same builders.

Costs of Operation of the plant are exhibited in the following

figures, compiled from data furnished by George H. Benzenberg,

City Engineer, and Mr. McMillan, Chief Engineer of the city

pumping stations.

The triple-expansion engine was put into regular operation in

November, 1891, but was not in constant operation during the

first part of 1892, owing to some apprehension as to the effect of

fine anchor ice on the small valves ; so that the engine was in

operation, during the year 1892, a little over 290 days of 24 hours

each. It has since been found that ice causes no more trouble

with these valves than with the larger ones on the other engines,

and, during the winter of '92-93, this engine was kept in prac-

tically constant operation, the others being run to supply the

amount of water required beyond the capacity of the triple

engine. During the year 1892 this engine ran 6,980 hours, pump-

ing 5,204,368,000 gallons of water, or about five-eighths of the

total amount of water supplied to the city. The water was

pumped against an average head of 160 feet, and the coal burned

(anthracite) amounted to 5,516,000 pounds, costing $5.95 per ton

of 2,000 pounds.

As there are three engines in this building it is not possible to

exactly separate the cost of building and oi)eration of plant

chargeable to this particular engine ; but Mr. Benzenberg's fig-

ures are as follows

:

Cost of (Miginp and four boilers, including ordinary engine foundft'

tion and liio boiler neltiiigH |81,000 00

Cost of so mucli of the building and boiler house us is chargeable

to the engine 31,500 00

Total cost of plant .$112,500 00
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Cost of Operating. 1892.

Coal, 2,758 tons at 15.95 per tou $16,410 00

Engineers' wages (actual, $8,618), but if engine was in separate

plant, would amount to 10,680 00

Repairs to engine and boilers 414 00

Oil and waste 372 60

Packing, etc 230 50

Total actual operating expenses $28,107 10

Interest on plant at 5-? $5,612 GO

Depreciation of plant at 4,'? 4,500 00

Total annual cost of operation and maintenance... $38,211) 00

Dividing the above figures by the number of million gallons of

water pumped (5,204,000,000), and we have as follows :

Cost of Pumicing 1.000,000 Gallons for the year 1892.

160 ft. 1 ft.

high. high.

Cost, including fuel, labor, repairs, interest, and deprecia-

tion $7 34 4^11, cents.

Cost as above, but exclusive of interest and depreciation. 5 40 3i^o^o cents.

Cost per 1,000,000 gallons, for coal only 3 15 Ij^cu) cents.

Tlie figures are for all coal burned, for all purposes, during the

year, including starting and banking fires, heating the building,

furnishing steam to a small engine which is in constant operation

during the day driving the Water-works machine shop, and at

night driving a dynamo, lighting the building.

The pumping station being located near the finest residence

portion of the city, anthracite coal has always been burned,

increasing the cost of pumping very materially. The matter of

smoke-consuming furnaces is now under consideration, and if a

suitable device can be found it is probable that bituminous coal

will be ultimately adopted for use at this station.

The Sibley College test was made with Pocahontas bituminous

coal at S4.65 per ton, or $1.20 less per ton, and doing about 10^

better work than the anthracite ordinarily burned. Assuming,

however, that this bituminous coal was only equal in calorific value

to the anthracite, the difference in price per ton would make the

cost of pumping 1,000,000 gallons as follows :

160 ft. 1 ft.

high. high.
Cost, including fuel, labor, repairs, oil waste, interest, and

depreciation $6 66 4iV^ cents.

Cost as above, but exclusive of interest and depreciation.. 4 72 2iH/o cents.

Cost per 1,000,000 gallons, for coal only 2 46 Ij^o^o cents.
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These figures show a saving of 20^ in cost of coal, and about

9^ in total cost of pumping. At the 14th Street Pumping
Station, in Chicago, where there are three engines of similar type,

the cost of coal has been reduced from $2.16 per 1,000,000 gallons

raised 100 feet high, with anthracite, to 60 cents per 1,000,000,

with bituminous screenings, and to $1.24 with Shawnee bitumi-

nous coal. These figures are cited to show the possibilities for

economy in the selection of cheaper grades of coal, where the con-

ditions are such as to admit of its use.

The Preparations for and Method of Test were as nearly as

practicable in accordance with the plan indorsed by a committee

of the American Society of Mechanical Engineers, and as follows :

*

The arrangement of the plant for test is shown in Fig. 97. In-

dicator diagrams were taken every fifteen minutes. Temperatures

of feed-water, discharge jacket-water, external air, engine-room,

and flue-gases were taken. The total consumption of water is

obtained by measurement of the feed water supplied the boilers.

This was taken from the hot well of another engine, and the con-

densed steam from the engine under test was, during the trial,

discharged into the overflow and wasted. The steam used to sup-

ply the jacket was measured by receiving the overflow from the

jacket-traps into weighing tank No. 3, and was returned to the

boilers as a portion of the feed-water.

During the test two observers, one of whom was supplied by

the builders of the engine, the other by the party from Cornell

University, kept independent logs of the water supplied to the

boilers.

The log gives the feed-water without correction ; but in obtain-

ing the full amount of water used in the jackets of the engines, a

correction was necessary, for the reason that the discharge of

water from the jacket-ti-aps was at a temperature due to the press-

ure of steam on the jackets. This, being in excess of 212° Fahr.,

produced some loss by evajioratiou. Some of this small loss was

prevented by passing the pipe from the jacket-traps through a

large body of cold water. But a careful test was made to deter-

mine the amount of this evaporation, which indicated that, had no

correction been made, the total amount of jacket steam would

have been given as about 8^ of the whole ; Imt with the coiTection

the jacket water becomes 9.25^.

* SiMey[ Journal gf Engineeriny ; June, 1893, i). 302
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The fuel record was checked by independent observers, one of

whom was furnished by the engine builders, the other by the col-

lege. The arrangement for measuring the temperature of the flue

consisted in inserting a thermometer, the accuracy of Avhicli had
been tested, and which could read to 700" Fahr., in the upper

portion of the breeching, and by inserting a pyrometer into the

center of the breeching beneath the thermometer. The pyrometer

was a " thalpotasimeter." The quality of the steam, measured by

a Carjienter throttling calorimeter, was very uniform, 98.95^

throughout the test.

The flue-gas was obtained from time to time during the test and

analyzed immediately ; the apparatus used being a portable form

of Orsat's apparatus."

The Coal burned was " Pocahontas," a soft, black coal, uniform

in character, and very high in fixed carbon, and possessed wonder-

fully little ash. The coal was damp, and, on drying fort3'-eiglit

hours over the boilers, a reduction in weight of 5.2^ occurred.

This coal showed 3.62^ of moisture after reaching Sibley College.

During the test the quantity of ash under the grates was less than

1^. The analysis showed 1.47^ of ash ; the discrepancy prob-

ably being due to ash drawn into the chimney by the draught ; the

total difference being less than SO lbs. for the whole test. The
analysis of the coal, as usually reported, gives : fixed carbon,

78^ ; hydro carbons, 20^ ; ash, 2^. A coal calorimeter gave re-

sults thus : Trial No. 1, 14,276 B. T. U. ; Trial No. 2, 14,182

B. T. U. ; Average, 14,232 B. T. U. The evaporation per pound of

dry coal was 9.4 lbs. under the actual conditions of the test^

which was equivalent to an evaporation of 10.72 lbs. from and
at 212° Fahr. This is a low evaporation, considering the character

of the coal, and no doubt largely accounted for by the small

amount of coal consumed per square foot of grate, this being

7.15 lbs., equivalent to G.76 lbs. of dry coal.f

Thk Ixstkuments used for "indicating" the engines were care-

* See Carpenter's Experimental Engineering, or Thurston's Engine and Boiler

Trials, for details of methods of work.

+ It is important to note that, notwithstanding tlie extraordinary character of

this fuel, the evaporation was not at all exceptional, and the engine gained noth-

ing by its use over what should have been anticipated with any really good
coal. This singular fact is attributed partly to too light fires, and partly to the

fact that the hydro-carbons seem rarely to give their full effect, not to a defect

of the fuel in any peculiar characteristic.
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fiillv calibrated, the scale of the springs used for the high-pressure

being 60 lbs., for the intermediate-pressure 20 lbs., and for the

low-pressure 16 lbs. These springs were calibrated under the

conditions of actual use and in the indicators.

The dimensions of the engines and pumps were obtained by

Mr. G. TT. Benzenberg, City Engineer. His certificate was ap-

pended to the report. Before commencing the test the pumps
were carefully examined by Mr. Hamilton, the first engineer of the

station, and the professor in charge, and found perfectly tight.

The Sibley College Trials were inaugurated March 23, by a

prehminary organization of the crew and a practice test of several

hours' duration, in which the observers were given a drill in their

assigned work ; the engine was examined and inspected in every

part, and the whole system of apparatus was tested, to ascertain

its fitness for the purposes in view.

All arrangements being found satisfactory, the final trial was
proceeded with, March 25, at 9 a. m. ; was continued uninter-

ruptedly twenty-four hours ; was commenced and ended to the

satisfaction of all four sets of observers, and was so certified by
the representatives of the city of Milwaukee, of the builders, of the

delegate from E. W. Hunt Sc Co., and by the official representative

of Sibley College.

It was not necessary to clean the fires, or even to touch them
with rake or slice-bar, during the luhole test ; and they were cleaned

only after the completion of the test. Flue-gas analyses were made
several times ; the results in every case silowing excess of air and
no CO. The temperature of the flue was about 56° higher than
that of the steam, 403^ Fahr. as read by the pyrometer, and 406°

Fahr. as read by the thermometer.

The weight of Avater delivered was computed from the plunger

displacement, and the total weight for each revolution of the engine

being 5,229.29 lbs.* The average head pumped against was
161.84 feet. The head was measured by a pressure gauge con-

nected to the discharge chambers of the pumps.

* This is a standard metiiod, and was, in fact, tlie only method practicable at

the time. The writer would always check by the use of a weir, when possible
;

but, in this case, the construction of the pumps was such as to make sensible slip

improbable, and the pump-cards are so sharp at the corners as to indicate that

they ran full. The writer made a visit to Milwaukee and personally examined
the engine, to satisfy himself of the fact that the valves act promptly and effi-

ciently. Experiment, later, on an engine of similar construction, gave a slip of

0.0073. It may be taken here as undoubtedly less than one per cent.
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The total head increased slowly during the day, due to a rise

in the reservoir ; the average for the watches being

:

First watch, 9 a. m. until 2 p. m 161.46

Second watch, 2 p. M. until 10 P. M 161.644

Tiiird watch, 10 P. M. until 6 A. M 162.008

Fourth watch, 6 a. M. to 9 A. M 162.365

The Data, Logs, and Results of this Trial are given in

Appendix B, and the details of the work in the report made to the

builders.* They are admirably summarized in the accompanying
" gi-apliical log." (Figs. 98 and 99.)

As there shown, the indicated horse-power was 573.87, divided

among the cylinders thus : High-pressure, 175.39 ; intermediate,

169.62 ; low-pressure, 228.86. The steam pressures were, at the

high-pressure cylinder, 121.46 ; first receiver, 32.43 ; second re-

ceiver, 1.5. The total water evaporated into dry steam was 6,700.7

lbs. per hour, equivalent to 11.678 Jhs. per I.H.P. per hour.

The heat supplied per minute averaged 124,890.7 B. T. IT.,

equivalent to 217.6 B. T. U. per I.H.P., which includes heat car-

ried over by entrained water. The useful work computed from
the pressures and volume of water delivered was 520.96 D.H.P.
The friction of the engine was 52.92 H.P., 9.22^ of the I.H.P.

The work was 1,081,520,000 foot-pounds per hour ; the coal con-

sumed was 719.8 lbs.; giving a duty per 100 lbs. of coal, of 143,-

506,470 foot-pounds, or for 1.000 lbs. of feed-water, 152,448,000

foot-pounds. This duty, on the basis of 1,000,000 B. T. U. sup-

plied, 137,056,000 foot-pounds.

The quality of steam was :

High-pressure cylinder, at cut-off 89 %
" " " release 93 %

Intermediate, at cut-off 86.0 %
" release 97.5 $»

Low-pressure, at cut-off 77.8 %
" " release 85.6 f^

A Special Test, made April 7, 1893, determined the heat re-

jected into the condenser, resulting as below

:

Average revolutions per minute 20.41

Average steam-pressure gauge 121.6

First receiver pressure 31.9

Second " " 1.67

Vacuum below atmosphere 13.5

* Sibley Journal of Engineering, June, 1893.

22
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Temperature of injector-water 40'

" discharge- water 98°

Depth over weir, 12-iuch notch, feet 0.2669

Cubic feet per minute 26.78

Pounds of injection-water per minute 1,660

Pounds of feed-water per minute 111.6

Ratio injection-water to feed-water 14.9

Per cent, of heat carried off in jacket-water 9.25

" " " " exhaust 75.10

" " " " discharge water 15.65

Probable quality of steam in exhaust from low-press, engine. 84.3%

Figs. 100, 101, 102 show the indicator diagrams obtained from

engines and from jnimps.

The Net Result op the whole Inyestigation is seen to be

the establishment, by standard methods of contemporary prac-

tice, of the highest record of steam-engine duty yet obtained as the

outcome of such exact methods of research. The useful work

performed, measured as " duty " by the accepted standards, is seen

to be, as computed by Professor Carpenter's staff

:

Foot-pounds of work for 100 lbs. dry coal 143,3015,470

" wet " 135,770,000

" combustible 145,438,000

" " '• 1,000 lbs. dry steam 154,048,000

1,000 lbs. feed-water 152,448,000

1,000,000 B. T. U 137,656,000

1 cwt,. coal (112 lbs.) 152,680,000

Kilogramineters of work per kilo of coal 429,110

While the thermo-dynamic results are :

Tliermo-dynamic efficiency 0. 194

Heat per /. JI. P. per hour, and per minute, B.7\ U.. .13,056 ; 217.6

Steam per /. II. P. per hour, lbs 11.678

Fuel per /. //. P. per hour, lbs 1.337

Heat per D. 11 P. per hour, and per minute, B. T. C^. 14,382 ; 239.7

Steam per D. E. P. per hour, lbs 12.864

Fuel per D. II. P. per hour, lb." 1.364

Were these engines attached to boilers eva]iorating 10 lbs. in-

stead of 9, the fuel-rate would be, per /. II .P., 1.168 lbs., and })er

D. H. P., 1.286, or about 1 J and 1:^ lbs., res2)ectively. The evapora-

tion actually observed during the trials, was, as seen on the log,

but 8.81 ; the apparent evaporation only 8.9. and the equivalent,

" from and at 212," but 10.27 ; while the same figures for the coal,

exclusive of its moisture, wore, respectively, for apparent ova] lora-

tion, 9.425 ; and, for equivalent, from and at the atmospheric boil-
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iug-poiut, 10.72. Per pound of combustible, they become a tenth

of a pound higher.

The above-given efficiency is 0.6G8, or two-thirds, that of a

Higli Pressure, 60 Spring.

Intermediate, 20 Spring.

Low Pressure, 16 Spring.

Fig. 100.—Indicator Diagrams, Top End.

Carnot cycle working through the same range of temperatures
and pressures. It is equal to 0.1873^0.252 = 0.74 of the thermo-
dynamic efficiency for the Rankine cycle of the ideal case. It
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High Pressure, 60 Spring.

Intermediate, 20 Spring.

Low Pressure, 16 Spring.

Fig. 101.

—

Indtcator Diagrams, Bottom End.

corresponds very exactly with the previously computed final effi-

ciency, including the estimated wastes ; which computation was
made some time before the trial, to obtain some idea of what was
to be expected.

We will now endeavor to ascertain the nature and extent of the

wastes in this engine and the secret of its remarkable efficiency.
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The Wastes of the Steam-engine are : (1) the thermo-clynamic

aud unavoidable wastes due to the fact that, at the minimum
hmit of pressure, in the operation of the engine, a proportion

of the heat-energy supplied, always considerable, and precisely

determined by that limit, must inevitably be rejected from the

system and lost to all thermo-dynamic use
; (2) the wastes due to

Higli-Prt'ssure Pump.

Intermediate Pump.

Low-Pressure Pump.

Fig. 102.—Indicator Diagrams, Pumps.

the conduction and radiation of heat from the exterior of the

machine to surrounding bodies, with similar result
; (3) the inter-

nal wastes of conduction and transfer from steam to exhaust side

without transformation into work
; (4) the wastes of dynamic energy

by friction of the various rubbing surfaces of the engine. Of
these tlie first is beyond remedy except by such reduction as may
be possible by extension of the expansion to the limit of a ter-
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minal pressure coinciding with the back-pressure ; the second is

controllable and largely reducible by suitably clothing the ex-

terior of the engine with non-conducting materials ; the third is

also reducible by reduction of the time permitted for the waste to

take place and by making the working fluid and the surfaces ex-

changing heat with it of minimum conductivity and heat-storing

power ; the fourth waste is only capable of reduction by the

amount to which the friction of the machine may be reduced to

minimum proportions as compared with the gross power devel-

oped. The first quantity has been brought down from an original

value of 90^ to 85, in many cases, possibly to 75 in some in-

stances ; the second from 10, perhaps even 20, to 5 frequently,

sometimes to less ; the third from 30 or 50;^, to, as in the present

case, about 10^ ; and the last waste has come down from 25 to

10^, though usually in condensing engines ranging from 12 to 15.

Could steam be worked in the Carnot cycle, entering at max-

imum pressure, expanding adiabatically to minimum, rejecting

heat with compression during the return-stroke until adiabatic

compression could be made to restore it to its initial pressure and

volume, thus converting only latent heat of expansion into Avork,

and that to the full extent of the Carnot law E-^ {T^ -T.) ^ T,

there would be required only the following quantities per horse-

power per hour

:

Steam Demanded ; Ideat, Case.

Eagine condensing; j), = 1-5 ! Complete Carnot Cycle.

Steatn-pressuie (abs.) 45 75

Efficiency 0.215 0.248

B.T.U. per borne-power per hour 11, 8:58 10,221

Steam " " " 12.8 11.4

Fuel " " " 1.28 1.14

It is seen that the engine here to be studied, ojicrating at

a pressure of 125 lbs., as originally designed, would demand,

if it were possible to work through this cycle, about 10 lbs.

of steam per horse-power per hour, or about 1 lb. of fuel ; the

evaporation being taken, as it might fairly be for this case and

cycle, at 10 lbs. of steam per pound of good fuel. The difference

between this figure and that computed for the somewhat differ-

ent cycle actually and necessarily adopted, measures a waste duo

to imperfection of the thermo-dynamic cycle employed—a waste

115 165 215 315

0.278 0.302 0.320 0.347

9,119 8,427 7,938 7,335

10.5 9.8 9.5 9.0

1.05 0.98 0.95 0.90
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not iuclwded iu the above summary or cousidered hereafter. In

the cycle to be studied, that of the engines, ideal and real, to be

here compared, it is impossible to secure that adiabatic compres-

sion which is required to bring the compressed working fluid back

to initial pressure before the succeeding cycle is begun. This is

the characteristic diflfereuce between it and the ideal Carnot cycle,

usually taken as standard in thermo-dyuamic studies.

The ideal cycle taken as representative of the real cycle of the

steam-engine, as customarily built and operated, assumes admis-

sion at boiler-pressure, adiabatic expansion to back-pressure, and

then complete rejection of the charge from the system. The heat

expended is seen to be, not the latent heat of vaporization, simph^

but the sum of that quantity and the sensible heat required to

raise the temperature of the feed-water from that at which it is

supplied to the boiler, to that at which it is converted into steam.

The diflereuce between this and the preceding Carnot cycle, and

which is wasted in this case, even in the ideal engine, is the differ-

ence between the " total heat of evaporation " fi-om the feed-water

temperature and at the temperature of the boiler-steam, and the

latent heat of vaporization, at the latter temperature, nearly.

These quantities, for the specified pressures, are as follows

:

HEAT-ENERGY OF STEAM.

Pressure
(absolute).

P.

•'Total heat"
(from llO" F.).

T.

Latent, heat of
evaporation.

Ij.

Sensible heat. Ratio of
S/L. S T.

30 1080 939 141 0.15 0.13
60 1093 909 184 .20 .17

100 1104 bSl 220 .25 .20

125 1109 873 237 .27 .21

150 1113 862 251 .29 .23
200 1120 845 275 .32 .25

300 1131 818 yi3 .38 .28

The wastes of the representative cycle of the real engine are

thus exaggerated, as compared with the cycle of best effect, iu

consequence of the practical impossibility, in our engines, as built,

of raising the working fluid, then a mixture of steam and water,

from the final pressure and temperature to the pressure and tem-

perature of the initial stage, by mechanical compression ; and
this loss amounts to about 20^ of the total heat of the steam, or

to about 25,^ of the latent heat operating thermo-dynamically in
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the Carnot cycle, for pressures of 100 lbs., absolute, and a little

over. It becomes an increasing percentage of waste as pressures

rise, and, at 300 lbs. pressure, the Carnot cycle becomes nearly

40^ more efficient than the representative ideal ; the latter wast-

ing in this manner about 30^ of all the heat supplied and 40,*^ of

the quantity supplied the former. This measures the importauce

of finding a method of successfully employing the Carnot cj^ele in

the steam-eDgine, a plan often sought, but, as yet, never found.

The Heat stored in Steam, in the operation of the steam-boiler

under the customary conditions, consists of the sum of the sensible

and latent heats absorbed by the fluid, in its conversion from

water at the temperature of the feed, into steam at the tempera-

ture and pressure of its utilization. The quantity stored per unit

of weight exceeds that which would be stored in the Carnot

process, as the total heat, for the actual case, exceeds the latent

heat of vaporization at the proposed working pressure. The

higher the temperature of the feed-water, the less the heat thus

stored in the unit of fluid passing through the cycle. It is a mini-

mum in the Carnot cycle, a maximum when the feed-water receives

no heat from the fluid rejected from the engine-cylinder. All

common and good practice lies between these extremes, approach-

ing the former as the feed-water heating, by application of the

rejected heat of the engine, is the more effective.

The measure of this stored energy, passing into the steam at the

boiler, is known to be very nearly

t = 1082 + 0.305 {f, - tf\ (B.T.U.)

t„, = 606.5 + (^2m - ffm), (calories)

;

where t and fm re]n-esent the total heat in British and metric

measures, respectively, ^2 and t^ being the temperatures of the

steam and of the feed-water in the same measures. In the Carnot

cycle, previously discussed, tf= (2, and the latent heat, which,

only, is supplied, is

1= 1114 -0.695^,;

I„, = 606.5 - 0.61)5 A,„,.

In the common cycle, more heat is stored per unit of weight ; but

in the Carnot cycle a larger proportion is utilized ; in the former,

a smaller number of pounds of steam per horse-power is required

for efficiency unity ; but in the latter less heat per hoiso-power

for a given cycle or range of temperature worked through.
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The energy stored by transfer from furnace to steam is given in

the succeeding table, assuming a feed-temperature of 140° Fahr.

(60^ C.\ for a number of pressures, up to 500 lbs. by gauge

:

ENERGY STORED IN STEAM.

PkES; ui;e. Theumal Units.

Absolute. By gauge. British. Metric.

515 500 1117.42 279 869,352
250 235 1096.21 274 858,400
150 135 1083.2 271 843,100
100 85 1073.86 268 835.800
60 45 1063.17 206 827,800

The total energy stored in steam at the boiler under usual con-

ditions of temperature of feed-water, and of temperature and

pressure of steam supply, seldom varies greatly from 1,000 B. T. U.^

the minimum being about 950 for low-pressure heating boilers,

with water returned at nearly the boiling-point ; the maximum
figure being that of non-condensing engines at 100 lbs. pressure,

by gauge, the feed-water being taken from the neighboring streams

or springs, and in the case of the later forms of high-expansion

engines, supplied with steam at 180 or 200 lbs. pressure, and feed-

water from condensers held at llO'' to 120° Fahr., in which latter

cases the supply is not far from 1,100 B. T. U. per pound of the

fluid. In exceptional cases of lower temperatures of feed, this

figure may rise to 1,200 B. T. U. Measured in dynamic units,

this energy thus amounts to from 750,000 to 1,000,000 foot-pounds

;

and the consumption of steam, for efficiency unity, would thus be,

per hour, from 2.5 to 2 lbs. per horse-power. It is taken in the

examples which are given in illustration of the computations of

test efficiencies at 2.3 ; but this quantity, in all cases in which

great accuracy is desired, should be computed for the conditions,

as to feed-water and steam temperatures, which distinguish the

case. These computations may be made by reference to the

tables of steam-pressures and temperatures, in all of which the

amount of heat-energy stored is given, as measured from some
standard temperature, as the melting point of ice or tlie zero of

the temperature scale. Taking the difference between the heat

thus expressed for the feed-water, and that given for the steam at
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the stated temperature, this difference, multiplied by 772 or 778,

gives the required quantity.

In illustration of the process : assume boiler pressure 120 lbs.

]>er square inch above the atmosphere, 135, nearly, absolute, and

feed-water to enter at 110^ Fahr. Then we have

2h ^ 120 + 14.7 =^ 134.7.

//i = 1,1SS.42 B. T. U. (from steam table).

f, = 110' Fahr.

H^ - (110= - 32) = 1,110.64 B. T. U.

= 864,079.48 foot-pounds.

Since 1 H. P. = 33,000 foot-pounds per minute, or 1,980,000

per hour, it is equivalent to

1,980,000 a-.K 7) T T- 1—=7;^— = 2,o45 B. T. L. per hour.
7<8 ^

??^ = 42.42 B. T. U. per minute.
J 7b

Thence, for efficiency unity, this is

^•^^« =2.3
1,110.64

pounds of steam required per horse-power j^er hour.

Were this steam worked in a Carnot cycle between the stated

temperatures, the efficiency would be

W- =
'-^^sir^

= 29.6^,

and the energy available in the heat supplied would be

1,110.64 X 0.296 = 328.8 B. T. U.

per pound of steam supplied under such circumstances with the

stated quantity of heat. Each pound would, however, in this

case, only accept a supply measured by its latent heat of evapora-

tion. The corresponding B. T. U. and pounds of steam per

horse-power per hour would be

254.5 -4- .296 = 8598 B.T.U.','^^ = 9.9 lbs.,
.296
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aud the steam used would be increased about 20^ by the fact

just mentioned, if worked iu a reversible cycle like that of

Carnot.

In the first case, for other efficiencies than unity, we have

W. = ^;

where W is the weight of steam per horse-power, and in any case

the efficiency will be

2,545 . ^ _ „i2.42_ ^

hU- —
J^

rji JJ
', 01* J^jJ' —

J^ T U '^

where the denominator is, iu the one expression, the heat de-

manded per horse-power per hour, and, in the other, that supplied

per minute.

In the Carnot cycle the feed-water circulates between boiler

and erigine, entering the former at the temperature due the work-

ing pressure ; the " feed-water " being heated by adiabatic com-

pression, and only latent heat supplied by the furnace.

It will be noted that heating the feed-water entering the boiler,

decreasing the range of temperature between that of water supply

and that of steam delivery, decreases the maximum thermo-

dynamic efficiency of the corresponding Carnot cycle, reduces the

quantity of heat stored in the unit mass, and increases both the

weight of steam storing unity of heat and the quantity of steam

of which the energy thus stored corresponds to the measure of a

horse-power. The actual gain by heating feed-water comes of

the defect in the operation of the steam-engine cycle, resulting in

failure to raise the fluid from minimum to maximum temperature

by compression in the working cylinder, and compelling the sup-

ply, at the boiler, of heat equivalent to this waste, together with

that additional quantity needed to raise the water from the tem-

perature of its source to the minimum limit of the engine cycle.

Where this can be obtained from otherwise wasted heat, the sav-

ing may prove very important.

In this case, the lower limit is fixed by extra th'ermo-dyuamic

conditions, and, at the boiler, is always below that at the engine-

cylinder, and its variations detorinine corresponding variations of

the quantity and cost of the heat supply.

Computing the energy stored iu making steam at a number of
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usual absolute pressures, measured in B. T. U. and iu foot-pounds,

we obtain the following tabulated quantities :

ENEHGV STOHEI) IN ONE POLTND OF Sl'EAM IN B. T. U.

Pressures
in lbs.

1 •"e ED-Water rEMPERATURES.

per square
inch. no 130 1.50 iro mo 210

90
100
110
120
180
140

1,101.569
1,103.866
1,105.986
1,107.961

1,109.809
1,111.555

1,081.569
1,083.866
1,085.986

1.087.961

1,089.809
1.091..555

1.061.569
1.063.866
l,0(i5.9S6

1,067.961

1,069.809
1.071.555

1,041.569

1,043.866
1,045.986

1,047.961

1,049.809
1,051.555

1,031.569

1,033.866
1,025.986
1,027.961
1,029.809
1,031.555

1,001.569
1,00.3.866

1,005.986
1,007.961

1,009.809
1,011.555

ENERGY' STORED IX ONE POUND OF STEAM, IN FOOT-LBS.

Pressures
in lbs.

Feed-Water ' Temperatures.

per square
inch. 110 130 150 iro 190 210

90
100
110
120
130
140

857,021

858,808
860,457
861,994
863,431
864,790

841,461
843,248
844.897
846,434
847,871

849,230

825.901
827,688
829,337
830,874
832,311

833,670

810,341
812,128
818,777
815,314
816,751
818,110

794,781
796,568
798,217
799,754
801,191
802,550

779,321
781,008
782,657
784,194
785,631
786,990

Assuming these energies to be applied in thermo-dynamic oper-

ations in Carnot cycles of similar total temperature range, we

should obtain the following tabulated efficiencies and quantities of

energy utilized in units corresponding to unit weight of steam :

CARNOT EFFICIENCIES.

Pressures Minimum Temperatures.
in lbs.

per square
incn. no 130 im iro 190 210

90 .270 .243 .218 .193 .167 .141

100 .276 .250 .325 .200 .174 .149

110 .283 .257 .232 .207 .182 .156

120 .288 .263 .238 .213 .188 .163
130 .294 .269 .244 .219 .194 .169
140 .299 .274 .249 .224 .300 .175



350 CONTEMPORARY ECONOMY OF THE STEAM-ENGINE.

AVAILABLE ENERGY, IN B. T. U., PER POUND OF STEAM.

Pressures Minimum Temperatures.
in lbs.

per square
inch. 110 130 150 170 190

170.002

210

90 297.424 262.821 231.422 201.023 141.221
100 304.667 270.960 239.370 208.773 178.153 149.576
110 311.888 279.098 247.309 216519 180.729 156.934
120 319.093 286.134 254.175 223.210 193.257 164.298
130 320.284 293.159 261.033 229.908 199.783 170.658
140 332.355 298.386 266.817 235.548 200.311 177.022

AVAILABLE ENERGY, IN FOOT-LBS., PER POUND OF STEAM.

Pressures Minimum Temperatures.

per square
inch. 110 130 150 iro 190 210

90
100
110
120
130
140

228,090
236,591

242,649
248,254
253,849
258,572

204,475
210,812
217,417
222,612

228,078
232,144

180,046
186,208
192,406
197,748
203,084
207,584

156,396
162,425

168,452

173,062
178,868
183,256

132,728
138,003
145,275
150,354
155,431
100,510

109,870
116,370
122,021

127,824
132,772
137,729

STEAM PER LH.P. PER HOUR AT MAXIMUM EFFICIENCIES, AS
ABOVE.*

Pressures Minimum Tempekatures.
in lbs.

per square
inch. no 1.30 150 170 190 210

90 8.68 9.58 10.98 12.04 14.92 18.02
100 8.36 9.39 10.02 12.18 14.30 17.01

110 8.15 9.12 16.28 11 75 13.63 16.22

120 7.97 8.88 10.02 11.41 13.10 15.38
130 7.80 8.68 9.74 11.08 12.73 14.91

140 7.65 8.52 9.54 10.80 12.33 14.38

Computing by means of the familiar formulas the total heats

stored in steam at various gauge pressures, and assuming the

feed-water to enter at the boiling-point under atmospheric press-

ure, only so much of this heat is available as may be transformed

into work by complete expansion to the lowest possible final

pressure, which is, in the ideal case, the back pressure of the

* Tlie table exliibits the steam rirciilated in the engine, and equals 1,980,000

foot-i)ouuds, divided by the available euergies above.
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atmosphere in the non-condensing engine and that of the con-

denser in the condensing machine. In the case of initially dry

steam it is the quantity

U=j[T,-T,{l-\og,^^_ + ^1 T,

% H,;

it being assumed that expansion is complete. If, for example, the

lower limit is the atmospheric pressure, this computed quantity

becomes as in the following table, and illustrated in the accom-

panying figure, in which are given the curves exhibiting the varia-

tion of the energy of the sensible heat of the water and of latent

heat of vaporization, with that of their sum, the total heat of the

steam as measured as above.

The first term in the second member of the above equation

measures the increased work of the unit weight of steam in the

Rankine, as compared with that of the Carnot, cycle; while the

increased cost of that work, as a minimum, is J {T^— T^), and

the net result is seen in the decreased efficiency already adverted

to.

AVAILABLE STORED ENERGY OF STEAM.

Selected pressures ; minimum pressure and temperature those

of the atmosphere and boiling-point corresponding.*

LIMIT OF WORK IN NON-CONDENSING ENGINE.

PRESSrRZ. FooT-PouNDs Eneegy Per Pound Steam.

Absolute. Gauge. Water. Lai. Heat. Total.

40
60
80
100
120
140
160
180
200
220
250
500

1.000

5,000
10,000

25.3
45.3
65.3
85.3

105.3
135.3
145.3
165.3
185.3
205.3
235.3
485.3
985.3

4,985.3
9,985.3

1.645.7
3,449.2
5,206.5
6,885.2
8,483.1
9,992.6

11,444.2
12,821.4
14,153.3
15,463.1
17,314.4
30,055.5
48,671.5

130,494.2
193,787.0

54.111.7
74,884.6
89,138 7

99,787.6
108,325.4
115,382.1
121,323.6
126,499.1
130,967.4
136,003.3
140,516.0
165,892.7
179,212.0
183.305.9
145,376.8

55,757.4
78,333.8
94,345.2

106,673.8
116.808.5
125,374.7
132,767.8
129,320.5
145,120.7
151.466.4
157,830.4
195,948.2
227,883.5
313,800.1
339,164.2

* Manual of Steam Boilers, p. 286, p. 827, Table XI. ; Manual of the Steam

Engine, Part I.
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Plotting the tabulated figures and determiniug the form of the

curve representing the law of variation of each, we obtain the dia-

grams exhibited in the accompanying engraving, where in Fig. 12

are given the curves of available energy of the water, of latent

heat, and of steam. -^ The curve of energy of latent heat is not

only peculiar in its variation in radius of curvature, but also in

the fact of presenting a maximum ordinate at an early point in its

course. This maximum is found at a pressure of about one ton

per square inch.

This curve is symmetrical about one of its abscissas, and it

must have, if the formulas hold for such pressures, a point of con-

trary flexure at some enormously high pressure and temperature.

The formula is not, however, a " rational " one, and it is by no

means certain that the curve is of the character indicated.

It is interesting to observe that the available energy of sensible

and latent heats follow entirely different laws, with rising pressures

and temperatures of vaporization. While that of sensible heat

—

of heated water, as it is expressed on the diagram— steadily, and

apparently continually, rises, that of latent heat rises rapidly

throughout the range of familiar pressures, takes on a slower rate

of acceleration after passing about 100 lbs., and, with decreasing

rapidity of rise, finally ceases to increase, and passes a maximum at

about one ton per square inch, thence falling off slowly and indef-

initely. The curve of total energy, the resultant of these conspir-

ing quantities, rises constantly and indefinitely, but its rate of

increase diminishes observably after passing 100 lbs., and grad-

ually approaches a constant value which it probably never reaches.

It should, however, be remembered that our formulas are only

known to be sensibly accurate for a comparatively low range of

pressure and temperature, and the curves at hitherto unattained

points may take quite different paths. The engineer is practically

restricted, so far as can be at })resent seen, to pressures and tem-

peratures within those at which his materials approach the red

heat and begin to lose seriously in strength and safety from molec-

ular flow, and this probably places the limit not higher than 800°

Fahr. (427° C), and ])robably not above 700" Fahr. (370° C), or at

about 333 or 200 atmospheres, about 5,000 or 3,000 lbs. per square

inch, respectively. But the conclusion of most practical interest

at the moment is that we may expect that, whatever the thermo-

* Steam Jioilem n.i Mfif/nzines of Explosive Knrrgy, by R. H. 'I'liurstou. Trans.

A. S. M. E., November, 1884, Vol. VI.
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dynamic advantage of increasing pressures hitherto experienced,

it may be fairly anticipated that those advantages will continue to

attend the increase of steam pressures for an indefinite period in

LBS. ABS.
PER SQ. IN

300

/

280

360

250

210

1

1

/

/

/

1

/

/ 180

/

/ 160

110

/ 120

/
.

/ 100

1

/ 80

/
/

/ .60

/

/
10

^y
.— ----^

20

^
1 1

1800 '10 '20 '30 '40 '60 '60 '70 '80 'UO 1900 A.D.

Fro. 105.—PnooKESs ix Steam Pkessures, 1800-1900.

the future. Progress will probably come, as hitherto, by our gain

in ability to safely and jn-olitably handlo higher tensions.

In this connection it is interesting to observe the method of

variation of pressures in j)racti('e during th(^ c(nitury, as seen

illustrated in the accompanying diagram (Fig. 1<*5), which gives the



CONTEMPORARY ECONOMY OF THE STEAM-ENGINE. 355

data obtaiued bj the study of marine practice, as prepared for

the writer by Mr. T. Hall. The rise of pressure has been, on the

whole, a faii'ly uniform one in rate and regularity during the gen-

eration just past, and, if this should continue another generation,

the indications are that the year a.d. 1900 may see 300 and possi-

bly 400 lbs. in common use ; and it would seem possible that only

the approach to temperatures rendering our materials of construc-

tion no longer reliable may limit this advance. At the current

rate of progress it M'ill still be a century before we make standard

those pressures which were experimentally employed, and with

safety and comparative economy, by Jacob Perkins a half-century

ago. Forty years hence, the promise of our diagram is that cus-

tomary pressures may be as high as 400 lbs. per square inch

—

27 atmospheres. The sharp bend in the curve limits the period

of the simple engine of James Watt and marks the inauguration

of the period of multiple-expansion engines. The steadiness with

which the curve adheres to its uniformity of radius subsequent to

that period would ordinarily be taken as evidence that we may
fairly expect steady and uniform progress at a similar rate in the

immediate future ; but no one can say at what moment obstacles

of iusiu'mountable, or of slowly surmountable, character may arise

to change the law of the curve. Perkins, however, in 1824-36,

employed pressures of, first, 500, then 1,000, and finally of about

1,500 lbs. per square inch, with a ratio of expansion of 8, and

obtaiued, as he says, one horse-power with but two bushels of

coal per day, or less than two pounds per horse-power per hour,

with but a fraction of the expansive action practicable to-day.

With modern sectional boilers, and skill in design and construc-

tion, and guided by the light of modern science, now illuminating

a then dark field so completely, it would be strange if our engine

builders could not do better than Perkins, and enormously better

than they are usually to-day doing.*

The Utelizable Part of Energy stored in the Steam by

* Perkins employed a Woolf compound engine as early as 1827, and for Lis

latest work with his highest pressures. Had Perkins and Alban, the distin-

guished German engineer who followed in his track, employed larger expansion

ratios, and triple and quadruple expansion engines, it is more than possible that

we should be to-day using, regularly and customarily, pressures exceeding these.

Progress must apparently always be in tliat direction ; we can see no way of

increasing our engine etficiencies by reducing the lower limit of temperature and

pressure.
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transfer from the furnace, consisting, as it does, of the difference

between the quantity of heat thus transferred and that rejected

from the engine at the lower limit of temperature and pressure of

its cycle, is measured, for the case of Carnot, by the ratio of the

range of temperature worked through to the maximum absolute

temperature, by {T^ — T2) -t- Ti. In the common cycle here

taken for comparison, this measure becomes the ratio of the dif-

ference of heats supplied and rejected to heat supplied, the ratio

{Hi —H2) -^ Hi ; the two quantities being themselves measured

from the total heat of the feed-water. The ratio of the two

utilized quantities is approximately the ratio of total to latent

heat from the same base point. With steam at Perkins's minimum
pressure, 500 lbs. by gauge, and with feed at 140° Fahr. (60° C),

taking J— 77o, the stored dynamic energy supplied by the fur-

nace is, for example, 869,353 B. T. U. ; and of such steam, 1,980,-

000 -f- 869,353 = 2.28 lbs. per hour, contain the stored equivalent

of one horse-power, at efficiency unity. In the Carnot cycle, the

efficiency would be (470 — 140) -=- 932 = 0.35 ; and the equivalent

weight of steam would be 2.28 -^ 0.35 = 6.4 lbs. per horse-power

per hour. The heat transformed would be thus 7,174 B. T. U.

per horse-power per hour, and at 9 lbs. evaporation, 0.7 of a

pound of fuel per hour per horse-power. At 10 lbs. evapora-

tion, this figure would be inside 0.65 lbs., about five-eighths

of one pound.

For other cases it would be as follows

:

MAXIMUM IDEAL EFFICIENCIES.

STEAM PRESSURES, ABSOLUTE.

250 Pounds pek Square Inch. 100 Pounds pek Squake Inch.

Pounds per B. T. U. per Pounds jKT B. T. U. per

Efficiency. Horse-power Horse-power Efflcieucy. Uorse-powor Horse-power
per hour. per hour. per hour. l)or hour.

100.00 2.32 3,545 100.0 2.37 2,545

45.40 5 5,698 47.4 5 5,369

2!). 00 8 8,786 27.2 8 9,391

23.19 10 10,975 23.7 10 10,739

19.30 12 13,180 19.7 12 12,918

16.55 14 15,372 11.8 20 21,568

12.07 20 21,085 7.9 80 32,215
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It will be noted that the weight of steam per horse-power and

per hour is not the same for the same efficiencies, at different

pressures, since, at each pressure, the heat stored per pound dif-

fers, becoming greater and greater for the common cycle, less and

less for the Carnot cycle, and, for equal efficiencies, giving smaller

weights for the former, as pressures rise, and greater for the lat-

ter. The number of thermal units, on the other hand, is constant

for equal efficiencies at all pressures, 42.42 B. T. U., or 2545 B.

T. U., per minute or per hour, divided by the efficiency.

The Theory of the Case in hand may be taken to illustrate

the ideal representative of a common good example of modern

practice ; the pressure being not at all uncommon with the con-

temporary engine, and close upon the margin between the usual

range of the compound and that of the triple-expansion engine,

above average practice for the one, below it for the other. With

a pressure of 120 to 125 lbs. by gauge, 135 to 140 absolute, we
find that, for efficiency unity, we shall require 2.3 lbs. of steam

per horse-power per hour, and with such fuel as will give us 10,000

B. T. U. per pound, 0.2545 lbs. per hour per horse-power. The
maximum thermo-dynamic Carnot efficiency would be 0.2714, and

this would correspond to 8.66 lbs. of steam and 0.943 lbs. of coal

per horse-power per hour.

Assuming the common—the Rankine—cycle, and computing

efficiencies by the methods of Rankine, when expanding, with a

ratio 10.62, down to 10 lbs. terminal pressure, and with 4 lbs.

back-pressure, we obtain the results tabulated below. Beside

them are placed the figures of similar import relating to the

action of two other representative ideals, the one corresponding to

that of performance of the old simple engine with large clearance,

with a ratio of expansion of about 4 ; the other exhibiting the

performance of the ideal Rankine cycle of the same initial press-

ure, but with a ratio of expansion fairly corresponding to what is

usually regarded as an average best ratio for compound engines

of the older designs, about 7. The comparison of these data with

those to be obtained for the case taken as the subject of this

paper, and their comparison with each other, will prove interest-

ing.



358 CONTEMPOKARY ECONOMY OF THE STEAM-EXGINE.

IDEAL ENGINE EFFICIENCIES.

p, = 135
; 2)3 = 4 ; T= 591° F., abs. ; D, = 0.306 ; r = 4.11, 6.93, 10.62.

Case I. Case II. Case III.

r 4 11

10080
0.1613
15,784

14.6

1.6

6.93
6625

0.1784
14,826
13.34
1.48

10.62

p^ 4970
EfBc 0.2048
B. T. U 12,424

Steam 11.51

Fuel (St. -4-9) 1.28

To these computed consumptions of heat, steam, and fuel must

be added, in the average case, perhaps from one-third to one-half

for wastes of heat externally and internally, making the steam

consumption, for the three cases, respectively, about 20, 18, and 15

lbs., and the fuel 2.2, and 2, and 1.7 lbs. per indicated liorse-power

per hour. The dynamometric, or brake, power being taken, as it

properly should be, for the measure of useful transformation of

energy, these figures would be increased about 15^, and would

become, respectively, 23, and 20.7, and 17.25 lbs. of steam, and

2.6, and 2.3, and 1.92 lbs. of fuel per dynamometric horse-power

per hour.

The REPRESENTATIVE Ideal Case more exactly paralleling the

real case to be studied, is the following :

*

The thermo-dynamic Carnot efficiency, for this case, is, as a

maximum for the perfect ideal engine, {T^ — T-i) -^ T^ = 0.283;

28.3^fc. The case here studied is that of the jacketed engine, and

it is assumed, with Rankine, that the jacket has precisely that

effectiveness of action which insures the retention of the working

charge in the dry and saturated state up to the point of rejection

with the opening of the exhaust-valve. The formulas employed

in these computations are those of Rankine, so far as applicable

* It may appear as interesting as it certainly is satisfactory to know that this

case was computed, and the figures liere given ol)t!UMed, in advance of tiie trial

witli the results of whicli tliey are compared, and tiie estimated wastes were

originally introduced as liere given. The comparison of the estimates with the

actual results of test are thus rendered somewhat striking. The computer

was Mr. Jolin R. Whitteraoro, M.M.E., at the time engaged iu graduate work

in Sibley College.
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to tbe ideal case. The treatment of the wastes is that of the

writer.*

The data assumed are the following, and are as nearly those of

the trial as it was possible to make them, in advance.

DATA FOR COMPUTATIONS AND RESULTS.

pt = 121.6 + 14,5 = 136.1 ; p^ = 2.8 lb?, per square inch : 2\ = 811. b" F.

r /'a T, r. U Therm.
Efticiency.

steam per H.P.
per hour, W.

15 7.68 642.2 48.93 206.600 0.232 9.61
20 5.55 628.0 66.40 214,600 .252 9.23
25 4.41 618.3 82.50 219,000 .258 9.02
30 3.63 610.5 98.90 220,380 .259 8.98
35 3.09 604.1 115.25 222,070 .261 8.92

The "Wastes for these cases may be approximately computed,

and, if added to the above expenditures, the sum will presumably be

approximately the actual expenditure of the engine, always pro-

vided the design and construction be so well and so intelligently

carried out as to permit the operation of the machine to be repre-

sentative of good contemporary practice. In the present case,

there is not only no question of this fact ; but we know that the

performance of the real engine approximates more closely to the

ideal than any case yet known. Our computations should, there-

fore, result in a larger, rather than a smaller, figure than is actually

obtained for the expenditure of the engine during the trial.

The two formulas most commonly employed by the writer in

the computation of probable wastes by cylinder condensation, the

most remarkable of those wastes which distinguish the real from

the ideal case, are the following, in which W is the weight of

steam condensed per hour, and W that computed for the ideal

case

:

A and a are constants determined by experiment ; t is the

time of one stroke in seconds ; and D is the diameter of the

steam-cylinder in inches, A its internal superficies in feet.f As a

* For the Rankine equation^, see either Rankine'.s Steam-Engine and other Prime
iforers, or the writer's Manual of the Steam-Engine, Vol. I, For the treatment
of the real, as dietinsuished from the ideal, case, see the latter, and especially

Chaps. V. and VI.

t Manual of the Steam-Engine, Vol. I., Chap. VI.
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matter of convenience, the second form was employed in checking

results after test ; but the first of these expressions was used in

the antecedent computations ; the temperatures being obtained

on the assumption that the expansion was substantially the same
in each cylinder. Taking the waste as being that of the cylinder

most subject to this form of loss, and which our computations,

as above, show to be, in this case, the low-pressure cylinder, we

find, for D = 74:; r = 3 ; computing for ideal steam and waste,

respectively, 7F' = 9.23, as above, W— 1.87 lbs. of steam per

I.H.P. per hour. The total loss by clearance spaces is 0.13 lbs.

;

that due to " drop " and intermediate losses of energy is O.il, and

the total is thus, neglecting external radiation, 11.64 lbs. of

steam per indicated horse-power per hour. To this nearly 5^

has been added by the computer for external wastes, and the total

becomes 12.2 lbs. per I.H.P. per hour, thus :

Taking the mechanical efficiency of the engine as 90^, the ex-

penditure of steam per dj^namometric horse-power per hour, as

computed, will be found to be 13.5 lbs.*

DISTRIBUTION OF ENERGIES.

Energy Supplied. Per Cent.

Steam per Hour.

Per I.H.P. VexD.H.P.

Useful work 23.0
74.8
02.2

2.80
9.13
0.27

3.10
Thermal wastes 10 12
Dynamic wastes 28

Total received 100 12.20 13.50

Conclusions.—One of the first points to be noted in connection

with the performance of the boiler is its moderate efficiency, takeu

as a function of the ratio of area of heating surface to weight of

coal burned in the unit of time. Computed by the Rankine
formula,

E = BS -. {S + AF),

* As has been seen, the actual figures were, with boilers worlviug with

slightly moist steam, 11,678 lbs. per I.H.P., and 12.86 lbs. per D.H.P.; the en-

gine working with slightly less thermal efficiency than com])uted, but more than

compensating tliis defect by an exceptionally low friction waste. In the contractor's

trial tliese figures become 12.155 lbs. steam per T.IT.P., and 13.51 lbs. per D.II.P.

With "i'fo external waste—a more reasonable figure than ^%—the figures are 11.87

and 18.2, and almost identical with llie actual figures.
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this quautity would be 90 to 94,'?!, accordiDgly as one or another

of his values of the coefficients is employed ; the lower figure

being that most accordant with the experience of the writer with

anthracite coal, but the larger that given by the better qualities of

bituminous coal, such as the fuel here used may be taken to

represent. The figure actually obtained at the trial is seen to

be, as given in the log (Appendix), but ISABfo, or but about 80;^

of the computed figure. This probable waste of approximately

20^^ of the fuel brings down its value as actually used to that of

an anthracite containing over 20^ of ash, and reduces its evapora-

tion fi'om a computed 11.2 lbs. to an actual 8.81, and from equiva-

lent evaporation "from and at the boiliug-point " of 12.8 down to

10.27 ; while it at the same time reduces the duty on actual coal

consumption fi'om what would have been above 160,000,000 to an

actual 137.770,000. As already remarked, this difference is prob-

ably partly due to the fact that such slow combustion involves

thin layers of fuel, and liability to dilution of the products of com-

bustion by air
;
partly to the inefficiency of combustion of hydro-

carbons. This loss, in this instance, more than balances the

anticipated gain, by the wonderful freedom from ash and generally

excellent character of the fuel chosen for the trial, and the excep-

tional dryness of the steam made.

The coal per square foot of grate, 7.32 lbs., is so low that, in the

opinion of the writer and of many experienced engineers, but con-

trary, perhaps, to general opinion, the probability of excessive air-

supply, as a consequence of the thinness of the fuel-bed, and with

resulting reduction of furnace efficiency, gives reason to think that

better work might have been done with the grates bricked off

somewhat, or even with a smaller number of boilers. The steam

made per square foot of heating surface was but 1.49 lbs., or,

"from and at 212," 1.73; the factor of evaporation being 1.154.

The quality of steam was high—98.95—a point which is very

carefully provided for by the designer, and probably makes up, in

a very sensible degree, for the low evaporation rate ; both having

a common origin in the slow combustion of the fuel.

The diy steam, the high pressure, the large expansion ratio, the

low condenser-pressure and temperature, the inappreciable air-

leak into the condenser, the excellent valve-gear and well-pro-

portioned ports, the very unusually small clearances, combine to

give us here the closest approximation to the ideal case that has
yet been recorded. The indicator-diagrams, which have been else-
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where reproduced, correspond with extraordinary closeness to the

ideal ; and the loss of work by discrepancy between the ideal and

the real diagram is as remarkably small. (Fig. 106.)

The mean effective pressure, for the engine, reduced to low-

pressure cylinder volume, is 22 lbs. ; each pound gained by im-

proved vacuum is thus a gain of 1 -^ 22 = 0.0455, or 4.55^ in the

work of the engine ; of which a small percentage, agaiu, must be

returned in the operation of the air-pump. Four per cent, per

pound of pressure, thus gained, is considered by the designers of

the engine well worth all the care, skill, and conscientious super-

vision of the operation of the engine required to obtain and to

maintain it. The slight compression observed is made less effect-

ive by the low terminal pressure ; but it has a sensible effect in

reducing the slight loss by clearance.

The low friction loss of the engine is due to a number of

concurrent circumstances.* The cylinders are vertical ; they are

coupled, piston to piston, with the pumps ; the wheel and shaft

have only the friction of their own weight and of the small, vary-

ing work of regulation ; the triple-crank arrangement makes regu-

lation easy and shaft friction a minimum ; the circulating pump
works in a solid column, demanding very little power in its move-

ment ; the stuffing-boxes are deep, and thus need be but lightly

packed ; and the whole machine is designed, constructed, and

operated with evident regard to the relative magnitude and im-

portance of the partially avoidable wastes, both dynamic and

thermal, of the whole machine. Perhaps one of the most inter-

esting of the minor points noted in the whole investigation is the

gradual reduction with time of the dynamic waste ; the friction

falling from about 14^ on starting the new engine and at the con-

tractor's, the Benzenberg and Lewis, trial, to 9fo at the Sibley

College trial, eight months later.

The Distribution of Energy supplied the engine, during the

trial, can now be readily determined by comparison of the real

with the ideal case. It is seen by reverting to the estimates

already given, that the ideal engine, under similar circumstances,

* The friction of the engine is remarkably low for this type of pumping engine
;

but it is, of course, still above the figure obtained from the best direct-acting

machines, which, in the Newton, Mass., trial, reported recently, for example, was

found to be 4.2;?, giving a mechanical efficiency of 0.958, as compared with that

here obtained of 0.9078. But the latter figure excels, on the other liaiul, prob-

ably, that obtained from the average direct-acting machine.
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Fig. 136.

The accompanjiog plate presents a very accnr%te\y-eooatTueted

I of combined average diagrams, corrc*ponding very cloeelj with

for the trial and wiib the Tbenn&l Aoalrsis. App^rodix D,

as prepared for tlie wriUr by Mr. Thos. Hall, and with the appro-

priate isaturatioD-carve for the working steam and ibe adiab«tic

expansioD-line for the l"tal steam per stroke, laid down for «

piiriaons. There are also giveo copies of a set of tie separate i

indicator diagrams, with the curves deduced from tach. exhibition

the varying quality of steam throughout the stroke in each cylinder.

Ill llie first diagram the varying departures of the eipandiog masses

of Bteam from the dry »tate are beautifully showo by the 3eparati/>ii

of liie expansion-lines of the diagram from the saturation-cnrre.

The breaks iu this curve are due to the differences in clearance

pressioii in the several cjiinders. The adiabatic

sIhiws the limit of complete utilization of steam and the total loss of

eff.-Lt by internal wastes. The hyperbolic curve also serves for fur-

ther comparison, and shows bow f^r the actual deviates from the

hvperbolic expansion curve. The di^tributiou of power and adjost-

t of expansion between the cylinders is well exhibited, as well

a$ the varying heiit-flow between steam and cylinder-wall with pro-

gressiug espansiou.

The other diagrams illustrate an especially interesting point— the

passage of the point of cut-off in the high-pressure cylinder before

shown by the cus^p in the high-

pressure quality-curve, and to a less extent in the intermediate cylin-

der. It does not appear in the low-pressure diagram. Each, in order,

shows this more and more rapid and extensive restoration of hemt

from water to steam, after cut-off, and the final drying of the work-

ing-charge, by heat receivi-d from the jacket, throughout the whole

length of the line on the l-w-pressure diagn

ng the ideal diagram bef^-een the adiabatic ex:pansJon and

compression lines, we fiad the real diagram to have 90.53^ of its

total area. Otherwise staled, the losses by condensati<m and drop in

the engine, ns constructed and operated, auouut to 2(K of the avail-

able energy of the steam supplied.

KllMfc]ta«C»Jf.T.
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Fig 106—Combined Indicator Diagrams
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would have an efficiency of about 0.25, and would require 9.23 lbs.

of steam, nearly a pound of fuel per horse-power per hour.

We find, from the records of the trial, that of all the energy de-

veloped in the cylinders, 9.22^ was wasted in friction. We thus

obtain the following figures to compare with those computed,

page 360

:

DISTRIBUTION OF ENERGIES.

Part of Total Energy supplied.

Thermal and tliermo-dynamic wastes.

Dynamic, or friction, waste
Useful work
Total thermo-dynamic transformation
Total from boilers

Per cent.

80.57
1.80

17.63
19.43
100.00

Per D.H.P., per Hovb.

B.T.U.

11688.25
258.87

2535.55
2794.42
14,382

lbs. Bt.

10.455
0.232
2.267
2.499
12.864

Thermo-dynamic Condensation, or " adiabatic condensation," as

it is often called, produces a continued fall in pressure, which re-

duces the power which would otherwise be given by the engine,

although it is compensated by the fact of the transformation of

this stored heat-energy. The amount of this condensation is quite

considerable in cases of large expansion ratios like the present.

Computing this amount by the familiar expression constructed by

Rankine, we obtain the results illustrated in the accompanying

diagram (Fig. 107) ; the larger values being obtained by the use of

the exact formida.

(v — u) ^ V — 1

and the smaller values come from the use of the approximate ex-

pression given by the same author for the adiabatic expansion-

curve, comparing its abscissas with the volumes of dry and satu-

rated steam as given in the "steam tables." It is found tliat,

except for the action of the jackets, which, in the Milwaukee

engine, cover heads and sides of all the cylinders, tlie thermo-

dynamic condensation alone would convert about 20?o of the

entering steam into water. TIk; curves here drawn show -the pro-

gressive liquefaction of the steam, us the pressure is worked down
from 140 lbs., absolute, to lower tensions.
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PROGRESSIVE THERMO-DTNAMIC CONDENSATION.

FRACTION OP TOTAL STEAM
Pressure Terap. Fahr. CONDENSED, THERMO-DYNASIICALLY.

lbs. per sq. inch
from^; = 0.

absolute,
from r = 0.

Approximate. Exact.

140 814° 0.000 0.000
130 808 .005 0.0055
115 799' .012 .014

100 790 .019 .022

90 781 .026 .030
80 773 .034 .038

70 764 .041 .046

60 754 .049 .055

55 746 .055 .062

45 735 .065 .070

40 728 .070 .078

35 720 .078 .086

30 710 .086 .094

25 699 .093 .100

20 692 .100 .111

18 682 .108 .118

15 673 .115 .126

12 664 .123 .136

10 655 .131 .144

8 644 .137 .155

7 638 .145 .159

6 629 .150 .165

5 620 .154 .169

The Fundamental Pkinciples of the Multiple-expansion

Engine are closely observed in tlie design of this macliine. The

low cylinder-condensation shows not only that the jackets were

well-designed and efficient, but that the wastes of the high-press-

ure and intermediate cylinders do not flood the low-pressure

cylinder and produce unnecessary loss. The distribution of power

among the several cylinders is excellent; the high-pressure and

intermediate having substantially equal powers, and the low-

pressure owing its higher power to the addition of the full-stroke

accession of effort due to its communication with the condenser.

The exceptional efficiency of the machine may probably be taken

as proof that it is, in cases of this kind, which are of exception-

ally good design and construction, economically advisable to make

the number of cylinders chosen a maximum for the pressure

adopted.* The total ratio of expansion was very nearly 19 in

this ease, and the ratio for each, assuming equality, was thu8

'V^19.20.'3 = 2.7, the apparent cut-off being variable between 0.32

* 3Ianual of the Steam-Engine, Vol. I., p. 597, et seq.
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and 0.39. Tlie terminal pressure is also here exceptionally low
;

the usual best tiguie being considered to be, with good engines,

not below 6 lbs. absolute ; it is more commonly 8, and often 10.

Here it is made as low as 5.3, and the back-pressure is but 1.63

lbs., or 0.11 atmosphere ; the drop between cylinder and condenser

being unusually slight.

Jacket Action is here very effective. The measurements of

the indicator diagrams, as originally practiced by Him, show a

proirressive increase, in the internal condensation, of from 12^ in

the first and 14'^ in the intermediate cylinder, to 18fo in the low-

pressure cylinder. The difference between the initial and the

final condensation is 18 — 12 — 8fo, or about one-half the thermo-

dynamic condensation ; this indicating that " cylinder condensa-

tion," finally, amounted to about 5^, in spite of the effectiveness

of the jackets. If we take the waste from external distribution

of heat to be 2^, and the condensation in the jacket to be due to

internal absorption of heat to the extent of 7.25^, it would appear

that the heat expended in the jackets was at least twice as effect-

ive—perhaps in much larger proportion, the exact amount is in-

determinable—as that worked in the steam cylinders. The observed

condensation increases 2^, cylinder by cylinder ; the normal

thermo-dynamic, or adiabatic, condensation would be 5^, similarly

cumulative ; and the actual initial cylinder condensation is found

to be 12,<. It thus appears that the jackets reduced the latter

quantity, which, in an unjacketed engine of this size and action,

would, as known by experience, be at least 25^, and possibly 30,

to 12^ initially, and to a final—which would have been 30 or 40

—

of 20. This heat-transfer from the jackets is equivalent to a

superheating of about 100° Fahr. They thus saved, net, not less

than 10/<. This, taken as a fraction of the $16,410 reported by the

officers of the city water department as the annual cost, amounts
to $1,641, the interest on $32,820, and on probably ten times the

actual increased cost of engines due to jackets ; otherwise stated,

it is probably oO^* interest on the investment in jackets.

The quality of steam supplied by the boiler being taken at

0.99 at the engine, 0.87, 0.85, and 0.81, respectively, in the several

cylinders taken in order, the initial condensation is seen to have
been 12,^^ in the first, 14^ in the second, and 18/^^ in the third

cylinder, thus showing, as seems to have been almost unques-
tionably the fact, that the jackets were able to more than com-
pensate the progressive deterioration of quality in the engine
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due to thermo-dynamic condensation of steam. The jackets

therefore reduced the cylinder condensation due to the action

of the sides of the cylinders from what would probably have

been 30?«, perhaps 40^, of the total supplied, by holding the

quality of the working steam up to approximately 0.80 at en-

trance into each cylinder.

The tables appended, containing the results of the applicat'on

of Hirn's Analysis to this case, and representing the first com-

plete analysis yet made of a commercial machine of this char-

acter, have double interest in the fact that they exhibit so fully

the conditions affecting the flow of energy through the engine,

and its distribution into useful and wasted work, and at the

same time are representative of this distribution as affected by
the best of contemporary designing, and as attaching to the

most successful instance on record, to date, of thermo-dynamic

transformation in commercial, or other, applications.*

In making these computations, the fact that the low-pressure

cylinder receiA'ed an excess of heat from the jackets led to some

embarrassment in the preliminary work ; but the analysis is so

complete that no difficulty was experienced in tracing out the

source of the derangement of the usual process of analysis, and

the tables exhibit the whole course of the received, the dis-

tributed, and the applied and rejected energies, in each cylinder,

and from cylinder to cylinder, up to their final discharge, into

the condenser and the air, so far as rejected.

The loss by external conduction and radiation was determined

by the expression,

B ^ 1 ^ S [Q + J - {K + K) - :^ W]
;

in which

Q = total heat supplied
;

tl = heat given up by jackets
;

K + K' = heat rejected from engine
;

^ W = work developed in the engine
;

B = radiation-loss from each cylinder.

* The computations of which the datii and results are here publislied were

made for the writer, in this instance, by Messrs. S. H. Barraclouf,^h (13. E., Univ.

Sydney, N. S. W.) and L. S. Marks (B. S., Mason Coil, and Lond. Tniv., G. H.),

graduate students engaged in two year.s' advanced work and research, prepara-

tory to taking the higher degree in engineering in Sibley College, Cornell

University.
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The heat rejected from the first and second cylinders was in

each case taken as the heat received, as obtained from the

indicator-diat];ram, less the work performed plus the radiation.

That rejected from the low-pressure cylinder was obtained from

a special supplementary trial, as already noted.

The main points of interest, in addition to those already ob-

served, and connoted with the latter, are the following :

Steam entered the engine nearly dry, having a quality 0.9895,

dry steam being taken as unity ; 5.56 lbs. being expended per

revolution, in addition to the .0462 lbs. encaged in the clearance-

space, which latter, however, was extraordinarily small, lAfo.

At 20.3133 revolutions per minute, this developed 573.87 I.H.P.

on an expenditure of 11.678 lbs. of dry steam per hour per horse-

power, probably the lowest yet recorded.

Jacket action may, perhaps, be more clearly observed in the

results attained in transfers of heat to cylinders from the jackets, as

seen in the Him analysis given in Appendix D, which traces the

progress of only that portion of the expended steam which actually

enters the cylinders from the boiler, and exclusively of the steam

used in the jackets. The figures given in Table C cover the

whole steam supply, and, on that account, exhibit this difference

less perfectly. The steam used per 100 strokes is taken, as before,

and we find that <?f the 656.4 lbs. sent to the engine from the

boiler, 504.5 actually enter the cylinders and pass through them to

the condenser ; receiving heat, meantime, from the 52 lbs. of jacket

steam, 9^^ of the total steam supplied, which is condensed in the

jackets to supply that heat. The engine receives 598,800 B. T. U.

with the steam entering it, and 40,870 from its jackets, a total of

639,670 B. T. U. Of this, 119,652 B. T. U. is transformed into work
and the remainder wasted. Of this remainder, 6,598 units are

radiated from the exterior of the engine. The jackets supply 13,350

to 14.150 B. T. U. to each cylinder, the quantity increasing, as would
be aiiticij)ated, with fall of temperatures and pressures.

The quality of the entering steam is 98.95^, which becomes

86.77 at cut-off by the initial condensation of 12.18^ by the chill-

ing action of the cylinder walls. Reevaporation and the heat

from the jacket conspire to raise this figure to 93.3 at release,

and to 96.8 during exhaust from the high-pressure cylinder. At
cut-off in the intermediate cylinder, this drops to 85.4 again

;

the jackets compensating the thermo-dynamic, adiabatic condensa-

tion very nearly, and the defect of quality, as compared with the

24
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steam in the high-pressure cylinder, being produced substantial !}• by

external wastes. At release, the quality becomes the same as at

the same point in the first cylinder ; the jackets having, by this

time, compensated the external wastes as well. In the low-pressure

cylinder the quality 94 at entrance becomes 81 at cut-off, external

wastes having apparently somewhat larger influence than previously,

and thermo-dynamic condensation showing very much more of its

cumulative effect. The steam sent to the condenser, finally, has a

quality of 89.95^, showing clearly the result of the opposing actions

of jacket heat and thermo-dynamic and thermal wastes and con-

densations. The negative values, in each table, show that each

cylinder, on the whole, gains more than it loses—those quantities

representing heat transferred to the working charge—and the

magnitudes of the quantities of heat entering from the jackets

during expansion and exhaust are seen to be amply sufficient to

account for the jacket effect observed in the final efficiency.

In the tables, line 9 gives the quantity of heat supplied the engine

in the steam entering the working cylinder, and the three sheets show

its gradual variation as it passes through, losing energy in thermal

form by external wastes and in dynamic form by conversion into

work. In each case, as seen on lines 23 to 29, more heat enters than

leaves the cylinder, the gain being due jacket action and amount-

ing to about 2^, net. The reevaporations m the cycle, subse-

quent to cut-off, and accessions of heat from the jackets, lines

19, 20, are greater, as a total, during expansion than during exhaust

in the high-pressure cylinder, while this relation is reversed in the

intermediate and large cylinders, showing the greater probable

advantage of jacketing the former in cases similar to that here

studied. This transfer during exhaust is wholly a waste ; it is in part

only a gain during expansion. The jacket is evidently only valu-

able by its effective restriction of initial condensation. Its action

is wholly unsatisfactory during the entire cycle otherwise, for even

the heat added by it during expansion is thermo-dynamically un-

desirable. It would be better if it were received direct from the

boiler and at the maximum temperature of the prime steam. The

fact of an excess of heat being rejected from the cylinder is only

satisfactory as an evidence that the cylinder walls are dry, and pre-

sumably, also, warmed by the jacket, which latter fact is sliown by

the extent to which thermal interior waste is reduced in this engine.

The exceptionally low total of wastes, corresponding to two and a

half pounds of steam, or less than 30^ of the computed demand
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of the ideal engine, and which represents the remaining margin

for gain in future constructions, is largely due to this effective

phase of jacket action.

It is to be noted that the reduced pressure in the low-pressure

jacket makes the relative heat supply vary somewhat peculiarly.

The high and intermediate cylinders were jacketed, like the

receivers, with boiler steam. In the low-pressure jacket the

pressure was reduced to 34 lbs. by gauge.

"Were the engine structurally perfect, it would have demanded
9.23 lbs. of steam per H. P. per hour. The additional 2.45 lbs.

per I. H. P., 3.63 lbs. per D. H. P., measure the still remaining

range for improvement. The engine, as a whole, has two-thirds

of the efficiency of the ideal thermo-dynamic machine. The
thermo-dynamic efficiency of the machine, as a whole, was 27.14^,

and its actual efficiency 19A'/, all thermal losses included. This

is a wonderful result, and the designer, the builders, and the

proprietors of this extraordinary engine are entitled to con-

gratulation, not only for such great success, but for having thus

shown what can be done by good designing, good construction,

and good management, by the most intimate union of scientific

and practical wisdom and art, toward the perfection of the

steam-engine, in the approximation of the real to the ideal.
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APPENDIX A.

North Point Pumping Station; 1875.

Test made by W. E. Worthen, Thos. Whitman, and Ghas. Hermany.

Engine No. 1 and 2.—May 19th to 21st, 48 hours. Duty, 76,955,720 ft. lbs.

Under same conditions, 1884, 24 hours. Duty, 77,049,906 ft.-lbs.

With Receiver cutting off in Low, 24 hours. Duty, 85,398,586 ft.-lbs.

Engine No. 3.—July 6th to 8th, 1882, 48 hours. Duty, 104,820,841 ft.-lbs.

Engine No. 4.—July 12th and 33th, 1892, 24 hours. Duty, 126,865,240 ft.-lbs.

Year. Gallons.

1891. Pumped, No. 1 and 2 4,320,939,960

1891. Pnmped, No. 3 -3,021,633,442

1891. Pumped, No. 4 1,414,381,250

Total 8,756,954,720

Average Duty from total coal consumed, 80,428,844 ft.-lbs. Coal consumed for

pumping, 13,875,610 lbs. Coal, total consumed for all purposes, 14,113,410 lbs.

Average Duty, coal consumed for pumping, 81,807,376 ft.-lbs.

Year. Gallons.

1892. Pumped, No. 1 and 2 909,080,380

1892. Pumped, No. 3 2,192,715,134

1892. Pumped, No. 4 5,204,368,750

Total 8,306,164.264

Total amount of coal used for pumping, 11,113,200 lbs. Duty from above

coal, 99,043,048 ft.-lbs.

The above coal includes heating and lighting building, running shop engine,

and pumping out wells.

(Signed) Thomas McMillan,
Engineer.
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APPENDIX B.

Dimensions, Logs. Data, and Kesults of Trial of the Mil-

waukee Pumping Engine.

Dimension op Boilers.

Length 18 feet.

Diameter 66 ins.

Grate 5 ft. long, 5 ft. 4 ins. wide.

Grate surface 26 . 65 sq. ft.

Tubes in each boiler, 55 diameter 4 ius.

Area of tubes in each boiler 4 . 68 sq. ft.

Water-heating surface 1,216 sq. ft.

Ratio of healing to grate surface 35

Height of chimney 125 ft.

Area of chimney 12.566 sq. ft.

Total grate surface of the four boilers 106 . 6 sq. ft.

Total heating surface, 4,864.0 sq. ft.

Bottom of gauge glass to bottom of boiler shell 3 ft. 1| ins.

Boiler Test.

Duration of test 24 hours.

Barometer inches of mercury 29 . 54

Atmospheric pressure, pounds per sq. in 14 .

5

Steam gauge, corrected (at engine) 121.6

Draft gauge, inches of water . 4025

Absolute steam pressure 136 . 1 lbs.

External air, temperature deg. F 25.71

Boiler room, " " 50.

~ j Thermometer in top, deg. F 406.02
'

/ Pyrometer in center, " 403 . 02

Feed water 97

Steam 350.

6

Fuel.

Total coal consumed, pounds 18,234

MoLsture in coal, per cent 5.25

Dry coal consumed 17,277

Total ash, dry, pounds 255

Total ash, dry, per cent, of dry coal 1 . 47

Moisture and ash, per cent, of wet coal 6 . 65

Total combustible, pounds 17.022
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Fuel per Hour, Pounds.

Actual 759 . 75
Dry coal 719.84

Combustible 709.25

Actual coal per sq. ft. of grate 7.15

Dry coal " " " 6.76

Combustible " " " 6.65

Calorimeter.

Temperature of steam in calorimeter, deg. F 284.6

Back-pressure in calorimeter, inches of mercury 1.9

Quality of steam 98.95

Per cent, of entrained water 1 . 05

Number of minutes calorimeter was open 114

Steam used in calorimeter, pounds 208.5

Feed- Water.

Total weight of water used, pounds 162,864

Excess of water in boiler at end of run, pounds 131

Total evaporated dry steam, pounds 161,023.2

Factor of evaporation. (Equivalent value of 1 lb. wet steam to 1

lb. dry steam from and at 213 F.) 1.154

Total equivalent evaporation from and at 212° F., pounds 187,794

Feed- Water per Hour, Pounds.

Actual amount used, pounds 6,780 .

5

Evaporated dry steam 6,709 .

4

Equivalent evaporated from and at 212° 7,710

Evaporation per Pound of Coal, Pounds.

* Apparent, feed-water 97°, steam 121.4 8.906

f Actual, to dry steam 8.81

Equivalent from and at 212° 10.27

Evaporation per Pound ofDry Coal, Pounds.

* Apparent, feed-water 97°, steam 121.4 9.425

Equivalent from and at 212° 10.72

Evaporation per Pound of Combustible, Pounds.

* Apparent, feed-water 97°, steam 121 .4 9.56

Equivalent from and at 212° 10.88

Evaporation per Ilour.—Per Square Foot of Grate.

Actual, uncorrected for moisture, pounds 63.6

Equivalent from and at 212', pounds 73.2

Per Square Foot of Water-Heating Surface.

Actual, uncorrected for moisture, pound.s 1.505

Equivalent from and at 212°, pound.s 1.73

* Uncorrected for calorimeter, f Corrected for calorimeter.
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Per Sqiuire Fool of Least Draught Area.

Actual, uncorrected for moisture, pounds 373

Equivalent from aud at 212
,
pounds 429

Horse-Poioer.

On basis 30 lbs. from 100' F. to 70 lbs. pressure 223.5

Builder's ratiug 400

Ratio of boiler horse-power to capacity, per cent 55.7

Efficiency of Boiler.

(A) Heat generating per hour on basis of 14,500 B. T. U. each

pound of combustible ... 10,285,125

(B) Heat absorbed by steam per hour, B. T, U 7,554,833

Efficiency of boiler, (.-1)^(5), per cent 73.45

Triple-Expansion Pumping Engine.

Dimensiona.

Length of stroke of each piston 60 ins

.

Diameter of high-pressure cylinder 28 "

Diameter of intermediate-pressure cylinder 48 "

Diameter of low-pressure cylinder 74 "

Diameter of pistou-rod in each cylinder 4 "

Number of piston-rods " " " 6 "

Clearance high-pressure cylinder, per ceut 1.4
" intermediate-pressure cylinder, per cent 1.5

low-pressure cylinder, per cent 0.77

Volume of first receiver 101.3 cu. ft,

'

' second receiver 181 cu. ft.

Number of reheater pipes, first receiver 57
" " " second receiver 35

Diameter reheater pipes 2 ins

.

Number of single-acting water plungers ... 3

Diameter of each 32 ins

.

Diameter of single-acting air-pump 20 "

Diameter of single-acting plunger feed pump 24 "

Diameter of single-acting air compressing pump 2^ "

Diameter of double-acting circulating pump 7^ "

Stroke of all pump plungers 60 "

Di.stance from center of pressure gauge to center of pump chamber 19.8 ft.

Distance from bottom of well to center of pump chamber 20 ft.

Area of Piston, Square Inches.
Top. Bottom.

Area of piston, high pressure 615.745 590.621

intermediate pressure 1,809.562 1,784.429

low pressure 4,300.85 4,275.72

Area of each pump plunger 804.2496 sq. in. 5.585 sq. ft.

Total volume delivered per revolution by one plunger 27.9253 cu. ft.

three " 626.688 gals,

" weight " " " " " 5,229.291 lbs.

Engine Test,—Results and Data,

Duration of test 24 hours.
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Average Temperatures.
Water at pump well, F
Feed water to boiler

Discbarge from air-pump

Calorimeter (1.9 inches back-pressure).

Engine room
External air

Average Pressures.

Barometer, inches
" pounds

Gauge at throttle

Absolute pressure at engine

Vacuum gauge, pounds

First receiver gauge, pounds

Second receiver gauge, pounds

High-pressure jacket, pounds

Low pressure by gauge, pounds ,

Suction head by float, feet

Revolutions.

Total number
Per hour

Per minute

Quality of steam, per cent

Moisture in steam, per cent

Feed- Water and Dry Steam.

Total feed-water to boiler, pounds.

Excess in boilers at end of run, pounds

Steam used by calorimeter (114 min.), pounds

Total wet steam to engine

" dry " "

Wet steam to engine per hour

Dry steam to engine per hour

Heat in one pound wet steam above 105.4 F., B. T. U.

Heat supplied engine per hour, B. T. U
Heat supplied engine per minute, B. T. U
Total wet steam used in jackets

Wet steam used in jackets per hour

Per cent, of total steam used by jackets

Indicated Horae Power.

High-pressure cylinder
| BoUom:

'.

Intermediate.

Tiow.

(Top....

(
Bottom

.

Top
Bottom

.

Uncor'ctd.

89.698
89.803

178.498

85.75

78.5

164.25

118.66
107.36

34°

97°

105.4

284.5

69.9

25.71

29.54

14.5

121.45

135.94

13.84

32.43

1.3

121.40

56.47

10.77

29,252

1,218.8

20.314

98.95

1.05

162,864

131

208.5

162,524.5

160,818.1

6,771.8

6,700.7

1,106.26

7,498,444

124,890.7

15,054

627.3

9.25

Cor.

87.54
87.85

175.39

88.84
80 78

169.62

116.23

112.63

Total

.

2'26.02

.568.668

228.86

673.87
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Delivered horse-jxnver 520.96

Friction horse-power 52 !•!

Friction horse-power per cent 9.22

Dry steam per I. H. P. per hour 11 . 678

B. T, U. per I. H. P. per minute 217.6

Relative Volumes of Cylinders.

High pressure 1 1

Intermediate 3.95 3.01

Low 6.95 7.01

Total number of expansions 19.55

Water per I. H. P. per Hour from Diagrams.

Computed on supposition that all work is done in L. P. cylinder.

Low.

Equivalent cut-off, per cent, of stroke in L. P. cylinder.
Equivalent release, per cent, of !-troke in L. P. cylinder.
Equivalent clearance in L. P. cylinder
Steam per 1. H. P. per hour, from diagram, at cut-off . .

.

Steam per I. H. P. per hour, from diagram, at release. .

.

Steam accounted for by indicator at cut-off, per cent
Steam accounted for by indicator at release, per cent

High.
Interme-
diate.

4.85 14.05
H.OO 42.05
0.2 0.65
9.35 9.12
10.1 10.0
87.1 85
94.0 93.2

39.07
98.0
0.77
8.37
8.92

Pump Test.

Duration 24 hours.

Temperature of water pumped, deg. F 34

Weight per cubic foot 62 . 42

Pounds of water lifted per revolution 5,229.2917

Water pressure in pounds 56.473

Delivery head in feet 131 .275

Distance delivery gauge to center of pump feet 19.8

Suction head in feet 10. 77

Total head in feet 161.845

Revolutions per hour 1,218.8

Foot-pounds of work per hour 1,031,520,000

Kilogrammeters per hour 142,556,000

Wet coal per hour, pounds 759 . 75

Dry coal per hour, pounds 719 .

8

Kilograms of coal per hour 332.23

Combustible per hour, pounds 709.25

Capacity.

Cubic feet per revolution 3 x 27.9253 83.7759

Gallons per revolution 626.688

Cubic feet per hour 102,122.5

Gallons per hour 763,807

Cubic feet for 24 hours 2,450,940

Gallons for 24 hours 18,331,364
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PRINCIPAL QUANTITIES OP BOILEK AND PUMP TEST FOR EACH WATCH OP
FIREMAN.

Number op Watch.

Duration of hours
Coal fired

Coal per hour fired

Estimated excess in furnace
Coal per hour burned
Dry coal (cor. for 5.25 per ct.)

Temperature feed water
Steam pressure at engine
Barometer, inches
No. bbls. water per watch :

Bbl. No. 1, net weight 400i
Bbl. No. 2, net weight 386J
Bbl. No. 3, net weight 173|

Weight of water, Bbl. No. 1

Bbl. No. 2
Bbl. No. 3

Total feed-water
Excess in tank, end vvatch
Excess in boilers (change in ht. on gauge glass, in.).

Excess in boilers, lbs

Total evaporated during watch
Evaporated per hour
Evap. per lb. of coal, actual
Calorimeter open, minutes
Steam used by cal., lbs
Quality of steam per cent
Temp, of water pumped
Water pressure in lbs
Deliv. hd. in ft. (2.307 ft. = 1 lb.)

Distance center pump to gauge
Suction head in feet

Total head in feet

Millions of ft. -lbs. per hour
Actual duty from 100 lbs. dry coal burned, millions

ft.-lbs

Actual duty from 100 lbs. coal burned, millions
ft.-lbs

Duty from 1,000 lbs. of steam, millions ft.-lbs

3591
718
-35
725

121.43
29.55

45
45m
18011
17016
2»74

37301
785

1.75
2667
33849
6770

9.36
45
82

98.95
34

56.775
130.96
19.8
10.7
161.46

1025.008

150.06

142.7106
152.45

B.

6284
785.5
110
775
735

122.14
29.53

60
60
24
24016
23595
4164
51775

750
0.16
259
54218
6777
8.74
44
81

98.95
34
56.80
131.25
19.8
10.594
161.644
1032.6

140.08

133.238
152.4

6284
785.5
150
776
736

121.29
29.52

63
62
23
25216
23978
3591

53185
300

-0.215
-365
54357
6795

8,74

98.95
34
56.96
131.31

19.8
10.398
162.008
1032.723

140.02

133.0827
152.3

3
2075
691.60
45
730
693

120.41
29.577

24(-201b)

24
10

9586
9282
1735
20603

0.08
131

20517
6805
9.35
25
45.5
98.95
34

57.08
131.56
19.8
11.005
162.365

1034.995

150.07

142.7
152.5

Total or
Averages.

24
18234
759.75

719.8

121.46
29.537

192-20 lb
191

162864

131
54354
6780.5

8.906
114

208.5
98.95
34
50.903
131.275
19.8
10.77
161.845

1031.520

143.30647

135.77
152.448

Note.—Fireman "A" was on five hours at beginning and three hours at end of test. " B "

and " C " each eight hours. " A " carried thin fires ;
'• B " and " C " thick fires. The condition

of fires at end of each vvatch was estimated as follows, compared with conditions at starting :

Firstwatch, (— 35 lbs.); second watch, 110 lbs.; third watch, 1.50 lbs.; fourth watch, 45 lbs.

These results do not have a probable error exceeding one-half of 1%. The last column gives the

total average for the whole run, from which no corrections for excess of fuel are deducted. Dur-

ing the entire test draught was regulated by upper damper.
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APPENDIX C.

APPLICATION OF HIRN'S ANALYSIS.

[Form No. 1.]

Sibley College, Cornell University.

data and kesllts.

Test of Steam engine made by E. P. Allis Co.. i\t Milwaukee, Wis.

Which engine—high pressure cylinder.

Diameter of cylinder, 28 inches.

Length of stroke, 60 inches.

Diameter of piston rods (2), 4 inches.

Volume of cylinder, crank end, 20.53.

Volume, head end, 21.40.

Volume of clearance, cu. ft., head, .298.

Clearance in per cent, of stroke, 1.4.

Volume of clearancf^, cu. ft., craak, .287.

Clearance in per cent, of stroke, 1.4.

Boiler pressure by gauge, 121.4.

Barometer, 14.5.

Boiler pressure, absolute, 135.9.

Revolutions per hour, 1,218.8.

Quality of steam in steam pipe, 98.95.

Weight of condensed steam per hour,

6.771.8.

Steam used during run, pounds, 162,-

524.5.

Lbs. of wet steam per revolution, 5.56.

Per stroke, head, 2.72.

Per stroke, crank, 2.84.

SYMBOLS.

To denote different portions of the stroke, the following subscripts are used

:

Admission (a) ; expansion (b) ; exhaust (c) ; compression {d).

To denote different events of the stroke, the following sub-numbers are used :

Cutoff (1); release (2); compression, beginning of (8); admission, beginning of

(0) ; in exhaust (5).

Quality of steam denoted by x.

Cut off, crank end per cent, of stroke. Release, crank end, 100.

34.1. Release, head end, 100.

Cut off, head end per cent, of stroke, Pounds of dry steam (3 cylinders) per

33.4. total I. H. P., 11,678.

Compression, crank end per cent, of I. H. P., head, 87.54.

stroke, 1.73. I. H. P., crank, 87.85.

Compression, head end per cent, of Total I. H, P., 175.39.

stroke, 2.89.
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HIGH PRESSURE.

[Form No. 2.]

ABSOLUTE PREBSURES FROM INDICATOR DIAGRAMS AND CORRESPONDING PROP-

ERTIES OF SATURATED STEAM.

Subscripts used

Absolute pressure ! c^^ik

Heat of liquid
] pj^nlt

Internal latent heat
-j ^^^^^
I TTpad

Latent heat evaporation . . < crank

Totalheat -|

Head^

Volume 1 lb. cubic feet. . .
-j ^^^^^^^

Volumes symbols
Volumes head, cubic feet

Volumes crank, cubic feet

Cut-Ofp.

1

134.2
132.4
320.63
319.56
786.01
786.84
867.92
868.67

1,188.55
1,188.23

3.290
3..333

7.579
7.434

Release.

2
45.0
48.7
243.68
248.66
844.80
840.98
921.93
918.44

1,165.61

1,167.10
9.207
8.550

31.68
21.68

Beginning.

Com- Of ad-
pression. mission.

3
48
49

248
249
841
840
917
916

1,166
1,16'

Vc +

2
.7

.11

.97

.46

.12

.90

.50

.00

.47

.684

.350

Fa
.668
.916

135.3
132.7
321.27
319.74
785.52
786.69
867.46
868.55

1,188.73
1,188.29

3.265
3.225

.299

.299

Symbols.
Rankine.

P
S

J

L

H
C
Vc
.299

.299

Symbols.
CLAU8ID8.

MEAN PRESSURES AND HEAT EQUIVALENTS OF EXTERNAL WORK.

g
I»

Head End. Crank End.

Mean
Pre»sure8.

External
Work.

B. T. U.

Mean
Pressures.

External
Work.
B. T. U.

Symbols
a
b
c

d

MEP
118.9
58.6
32.68
24.15

AW*
157.1
155.7
129.0
2.765

181.035

MEP
125.4
62.8
34.81
43.7

AW*
162.5

Expansion 157.2
129.7

Compression
Total, net

6.48
183.52

A = rig. V* = volume in clearance spaces.
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HIGH PRESSURE.

HIRN'S AN.M.YSIS—D.\TA and results per 100 STROKES.

JACKET STEAM INCLUDED.

Qnaniiries.

Steam from boiler, pounds
Steam iu clearance, pounds

Steam at admission, pounds

Steam, total, pound*
Heat of condensed steam
Condensiu;: water, pounds
Heat triven to condensing water
Heat supplied to engine
Sensible heat at admission

Iniemal heat at admission

Sensible heat at cut-off

Internal heat at cutoff

Sensible heat at release ...

Internal beat at release . .

.

Sensible heat, beginning of com-

1

pression
j

Internal beat, beginning of com- I

pression
j

Cylinder loss during admission.. ..

Cylinder loss during expansion

Cylinder loss during exhanst

Cylinder loss during compression ..

Heat discharged, and work.

Jacket and radiation
Jacket and radiation

Sym-
bols.

M
Jfc

Mo

M+Jfo
K'
G
K
Q
B,

Eo'

H,

B,'

Bi

B^'

B,

Qb

Qc

Formulae.

100 (Fc+CcXc).

i-'aXn

MSg
A'-i-A''=... .

G(Sk-Si)...
M(XL + S)...

^Vo-So

10oi^»/o

(M+Mo)Sj..

100-^=7.

J/o"3

100 ^t^A
)+ffo+Bo'-Bi-Ei'-

Ui+n,'-B2-Ei'-
778

778'

B, + Ht'-Ih -B^'- A'-A-'-^g

Wd
B^-y H^'—Ba—Bij'—Bx—Bx - j^^i^T,

t i o

K+K'+IIx+Bx'+-^
0-B '

Qa+Qb+Qc+Qd

Head.

272
9.16

9.16

L'81.16

:i8:,081

320,050
2,941

7,195

90,200

181,400

68,500

198,000

2,277

6,475

42,876

-10,470

-16,433

-1,107.5

305,184.5

14,865.5
14,865.5

Crank.

284

S.998

202.998

303,761

340,000
2,878

7,075

93,500

175,500

72,900

213,300

2,250

9,225

64,703

-32,920

-16,066

8,170

322,lia

17,887

17,887

Quality of steam entering. .

.

Quality of steam at cut-off.

,

Quality of steam at release.

.

Quality of steam in exhanst.

Heat lo-t, admission
Heat restored, expansion.
Heat rejected, exhaust...
Heat lost, compression. .

.

Heat utilized, work

Heat lost, radiation
I{atio radiation to work
Ratio cylinder condensation to work
Thennodynamic efficiency

Actual efficiency

EfBciency compared with ideal.

X
X,

X,

Xs

a
b
c

d

E
Ex

E'

per calorimeter per cent.

100,,, ., , ,,

Qa+Q
Q'^Q
Qc+Q
Qd^Q

tT?-^*?
/>+<?

Or^W
{t-ts)+(m+t)...

r^^"^
Ex+E

.percent.

98.95

81.85

83.90

88.0

13.41

-3.266
-5.13
-.3461

5.66

4.645
.819

2.359
9.175

5.66

61.8

98.95

76.20

86.20

19.06

-9.68
-4.728

.638

5.40

5.26
.977

3.537
8.745

5.40

61.8

Special symbols rc= volume clearance, < = measured temperature. Subscript 5 applies to

ezbanet, i to injection, k to discharge, g to air pump discharge.

Correct for Mx when necessary.
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APPLICATION OF HIRN'S ANALYSIS.

INTERMEDIATE.

[Form No. 1.]

DATA AND RESULTS.

Which engine—intermediate pressure

cylinder.

Diameter of cylinder, 48 inches.

Length of stroke, 60 inches.

Diameter of piston rods (2), 4 inches.

Volume of cylinder, crank end, 62.01.

Volume head end, 62.830.

Volume of clearance, cu. ft., head, .942.

Clearance in per cent, of stroke, 1.5.

Volume of clearance, cu. ft., crank, .932.

Clearance in percent, of stroke, 1.5.

Receiver pressure by gauge, 33.43.

Revolutions per hour, 1,218.8.

Steam used during run, pounds, 162,-

524.5.

Weight of condensed steam per hour,

6,771.8.

Lbs. of wet steam per revolution, 5.56.

Per stroke, head, 2.915.

Per stroke, crank, 2.545.

To denote different portions of the stroke, the following subscripts are used :

Admission (a) ; expansion (6) ; exhaust (c) ; compression (d).

To denote different events of the stroke, the following sub-numbers are used :

Cut-off (1) ; release (2) ; compression, beginning of (3) ; admission, beginning of

(0) ; in exhaust (5).

Quality of steam denoted by z.

Cut-off, crank end per cent, of stroke, Compression, head end per cent, of

32.85.

Cut-off, head end per cent, of stroke,

35.10.

Compression, crank end per cent, of

stroke, 2.92.

stroke, 1.67.

Release, crank end, 100.

Release, head end, 100.

I. H. P., head, 88.84.

I. H. P., crank, 80.78.

Total I. H. P., 169.62.
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INTERMEDIATE.

[Form No. 2.1

ABSOLTTTE PRESSTTRES FROM INDICATOR DIAGRAMS AND CORRESPONDING PROP-

ERTIES OF SATURATED STEAM.

Sobscripts nsed

Absolute pressure
-J q^^j^^

He«t of liquid .\^^l^

Icternal latent heat
] q^^^^

Latent heat evaporation . .
-j q^^^^

Total heat .| «-f.
Volume 1 lb. cubic feet . -| q^^^^
Volumes symbols
Volumes head, cubic feet
Volumes crank, cubic feet

Cut-Off.

1

41.5
41.5

238.64
238.64
848.64
848.64
925.46
925.46

1,164.10
1,164.10

9.9.38

9.938

23.01
21.55

Rblbase .

2
15.3
14.34

182. .19

179.16
892.26
894.68
964.62
967.04

1,147.31

1,146.20
25.09
27.05

Vc+Vj
63.77
63.77

Beginning.

Com- Of ad-
pression. mission.

3
10.9 50.1
17.1 48.1

187.74 250.48
188.36 247.88
888.24 839.55
8S7.76 841.55
%1 .03 917.17
9ti0.59 918.99

1,148.77 1,167.65
1,148 95 1,166.87

23.11 8..323
22.84 8.549

Vc+Vs Vo + Vr
2.777 .9425
1.990 .9425

Symbols.
Rankine.

P

S

I

L

n
a

.9425

.9425

Symbols.
Cladsius.

MEAN- PRESSURES AND HEAT EQUIVALENTS OF EXTERNAL WORK.

Symbols
,

Admission
Expansion
Exhan.st
Compression .

Total, net

Head End.

Mean
Pressures.

MEP
30.38
9.92
.736

3.827

External
Work.
B. T. U.

AW*
123.7
69.4
8.41
.745

183.955

Crank End.

Mean
Pressures.

MEP
29.25
8.35
.265

7.19

External
Work.
B. T. U.

AW*
110.1
04.15
2.95
2.405

168.895

* A = tV^. Vc = volume in clearance spaces.
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INTERMEDIATE.

HIRN'S ANALYSIS—DATA AND RESULTS PEK 100 STROKES.

JACKET STEAM INCLUDED.

Quantities.
Sym-
bols.

Formulae. Head. Crank.

Steam from boiler, pounds
Steam in clearance, pounds

Steam at admission, pounds

Steam, total, pounds
Heat of condensed steam
Condensing water, pounds
Heiit given to condensing water.
Heat supplied to eiiL'ine

Sensible heat at admission

Internal heat at admission.

Sensible heat at cnt-off

Internal heat at cut-oflf . . .

.

Sensible heat at release . .

.

Internal heat at release . .

.

Sensible heat, beginninjj of com-
pression

Internal heat, beginning of com-
pression

Cylinder loss during admission

Cylinder loss during expansion

Cylinder loss during exhaust

Cylinder loss during compression .

.

Heat discharged, and work.

Jacket and radiation
Jacket and radiation

M
Mc

Mo

M+Afo
K'
O
K
Q

ffo

So'

Hi

H,'

U^

ih'

Ih

Hi'

Qa

Qb

Qc

100 (Fc-«-CcXc).

100
Fc+Fo
CqJLq

MSg
A'+A''=
G iSk-Sj) ....

^f(XL+s)...
ifaSo

100 ^Vo
(3f+Mo)Sr..-

f.

,on^c+F,^

291.5
11.31

11.31

302.81

254.5
11.02

11.02

265.52

306,838.5 262,623.5

M0S3

100^i±Ii73

(2 + //o + //o'-//i-//i'-
Wa

Hn+Ih'-H, -Hi'-K-K' - -

Ih^H^'-Ho-Ho'-H:„-IIx'-iJ^

K+K' + nx + Hx'+-^.778'

Q-B

340,100
2,810

9,510

72,300

197,300

55,300

223,300

2,122

10,670

70,450

-15,940

-40,189.5

546.5

325,233

14,867.0
14,867.0

297,400
2,734

9,270

63,400

184,100

47,600

210,800

2,079

7,750

50,894

-17,315

-13,757.5

-1,934.5

279,513

17,887
17,887

Quality of steam at cut-off

.

Quality of steam at release.

Quality of steam in exhaust.

Heat lost, admit-sion

Heal restored,' exi)ansion . .

.

Heat rejected, cxliaust

Heat lost, comprension

Heat utilized, work

Heat lost, radiation

Katio radiation to work
Ratio cylinder condensation to work
Thermo-dynamic efliciency

Actual efficiency

Efficiency compared with ideal.

X,

Xs

a
b

c

d

E
A'.

E'

100

100

(.V+j1/o) C,

Fc+Fi

.percent.

(jy+J/o)6'a

/ K+K' c \ r ..

Qa-^Q "
Qi>^Q "
(^c^Q "
Qd*Q "

^^« "

I)+Q "
1--i-W

a-t-iv

(/-ta)-t-(4fi\ +t) percent,

i^« •

Ei-t-E

76.6

83.9

90.25

ao.70

-4.695
-11.81

.1608

5.41

4.37
.807

3.823
9.03

5.41

60.0

88.25

17.12

-5.83
-4.62><

.6505

5.68

6.015
1.059
3.016
8.95

5.68

63. SS

Special symbols Vc = volume clearance, ( = measured temperature. Subscript 5 applies to

exhaust, i to injection, k to discharge, (j to air pump discharge.

Correct for Afj^ when necessary.
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LOW PRESSURE.

APPLICATION HIRN'S ANALYSIS.

[Form No. 1.]

DATA AND HESULTS.

Which engine—low-pressure cylinder.

Diameter of cylinder, 74 inches.

Length of stroke, 60 inches.

Diameter of piston rods (2), 4 inches.

Volume of cylinder, crank end, 148.60.

Volume head end, 149.45.

Volume of clearance, cu. ft., head, 1.150.

Clearance in per cent, of stroke, .77.

Volume of clearance, cu. ft., crank, 1.144.

Clearance in per cent, of stroke, .77.

Receiver pressure by gauge, 1.3.

Barometer, 14.5.

Revolutions per hour, 1,218.8.

Steam used during run, pounds, 162,-

524.5.

Weight of condensed steam per hour,

6,771.8.

Per stroke, head, 282.9.

Per stroke, crank, 273.5.

Temperatures of condensed steam, 102.

Temperatures of condensing water,

cold, 40.

Hot, 98.

Pounds of condensing water, per hour,

99.600.

Per revolution, 81.8.

To denote different portions of the stroke the following subscripts are used :

Admis^iiou (a) ; expansion (b) ; exhaust (c) ; compression (d).

To denote different events of the stroke, the following sub-numbers are used :

Cut-off (1) ; release (2) ; compression, beginning of (3) ; admission, beginning of

(0) ; in exhaust (5).

Quality of steam denoted by x.

Cut-off, crank end per cent, of stroke, Compression, head end per cent, of

39.1.

Cut-off, head end per cent, of stroke,

38.3.

Compression, crank end per cent, of

stroke .64.

stroke, 3.13.

I. H. P., head, 116.23.

I. H. P., crank, 112.63.

Total I. H. P., 228.86.

Release, crank end, 98.8.

Release, head end, 98.9.

25
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LOW PRESSURE.

[Form No. 2.]

ABSOLUTE PRESSURE FROM INDICATOR DIAGRAMS AND CORRESPONDING PROP-

ERTIES OF SATURATED STEAM.

Subscripts used
. , , . I HeadAbsolute pressure

-j Qfjjnk
-,..,.., ( Head
Heat of liquid

^ Crank

Internal latent heat
-j qj-^j^'^

I jjgad
Latent heat evaporation. . -,

qj.^^^^^

m 1 V * 1 Head
Total heat

", Crank

Volume 1 lb. cubic feet. .

] Q^^^y^
Volumes symbols
Volumes head, cubic feet

Volumes crank, cubic feet

Cut-Off.

1

13
13
175
18'

897
896
969
868
1145
1145

28

27

Vc +
58
59

.3

9

.51

isi

.09

.60

.01

.11

.78

.96

.78

F.

.349

.949

Release.

2
5.3
5.3

132.93
132.93
931.37
951.37
999.26
999.26
1132.19
1132.19
69.24
69.24

148.7
148.7

Beginning.

Com-
pression.

3

1.8
1.5

89.48
82.22
963.80
971.68
1029.47
1034.55
1118.95
1116.77
202.5
251.1

rc+ Fa
5.824
2.105

Of ad-
mission.

16.2
16.5

185.54
186.48
889.96
889.23
962.56
961.91
1148.11
1148.39
240.06
23.66
Fo+Fo

1.149
1.149

Symbols. Symbols.
Rankine. iClausius.

H
C
Vc
1.149
1.149

MEAN PRESSURES AND HEAT EQUIVALENTS OF EXTERNAL WORK.

Symbols
Admission
Expansion . .

.

Exhaust
Compression

Total.

Head End.

Mean
Pressures.

MEP
.5613
-6.33
-12.66
-9.77

External
Work.

B. T. U.

AW*
5.95

-108.54
-338.2
-8.515

244.135

Crank End.

Mean
Pressures.

MEP
.713

-6.38
-12.19
-7.548

External
Work.
B. T. U.

AW*
7.64

-106.6
-332.6
-1..33

234.97

* A=i tH- Fc = volume in clearance epaces.
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LOW PRESSURE.

HIRN's analysis—DATA AND RESULTS PER 100 STROKES.

JACKET STEAM INCLUDED.

Quantities.

Steam from boiler, pounds
Steam in clearance, pounds

Steam at admission, pounds

Steam, total, pounds
Heat of condensed steam
Condensin<: water, pounds
Heat given to condensing water . .

.

Heat supplied to enirine

Sensible heat at admission

Internal heat at admission

Sensible heat at cut-off

Internal heat at cut-off

Sensible heat al release

Internal heat at release

Sensible heat, beginning of com-

1

pression f

Internal heat, beginning of com- i

pression i

Cylinder loss during admission

Cylinder loss during expansion

Cylinder loss during exhaust

Cylinder loss daring compression.

.

Heat discharged, and work

Jacket and radiation
Jacket and radiation

Quality of steam at cut-off

Quality of steam at release

Quality of steam in exhaust

Heat lost, admission
Heat restored, expansion
Heat rejected, exhaust
Heat lost, compression

Heat otilized, work

Heat lost, radiation
Aatio, radiation to work
Batio,cylindercouden8ation to work
Tbermo-dynamic efficiency

Actual efficiency

Efficiency comp-ired with ideal

Sym-
bols.

^f+ .Vo
K'
G
A'

Q
Ih

Ih'

n,'

H^'

Ih

^3'

Qc

Form 111 £6.

100^Fc-^^cXc).

Cn-io

MS.

G{Sk-Si)...
M(XL->rS)...
-VoSo

{3r+Mo)S,...
Vc + T

,

100 ^77-' /i •

(3f+Mo)Sji...

100-^/..

-Vo53

Q+Ho + ffo'-ffi-IIi'-
Wa

III +"1 ""-03-"^2 —
778

Hj+Hi'-Hs-Hi'-K- K'- ^.
778

H^ +Ih'-H^-H^'-Hx-Hx'--

]-B.

W
78

h+Qb+Qc+Qd.

Head.

282.9
4.76

4.76

287.66
19,040

4,002
232,100

324,600
a35

4,280

50,450

160,500

38,180

199,900

425.8

2,778

118,160

- 16,276

-50,083.8

-2,752.7

275,.'>52.5

49,047.5
49,047.5

Crank.

273.5
4.85

4.85

278.35
19,880

4,182
242,400

314,000
911

4,310

52,350

193,100

37,000

199,900

398.4

816

73,007

19,210

-59854.4

4,1.39.6

285,777

28,223
28,223

X,

X,

a
b

c

d

E
Ex

E'

100

100

Fc-t-Fi
per cent.

M-Mx

Qlr^Q " "
Q-Q " "n ::

:

778-"«

i>-t-q " "
r-*-w
a-*-w
«-<,)-i-(461-i-<) percent.
y^ . . .

7T8*«
E,-t-E " "

74.6

86.42

-5.008
-15.40

.848

7.525

15.08
1.995
4.84
11.28

7.525

77.5

77.1

83.3

23.25

6.120
-19.10

1.308

7.485

8.99
1.201
2.977
10.70

7.485

70.01

Special symbols Ve= To'iame clearance, t= measured temperature.

ezbanst, i to icjection, k to discharge, g to air-pump discbarge.

Correct for M-x when necessary.

Subscript 6 applies to
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APPENDIX D.

COMPLETE THERMAL ANALYSIS.

JACKET-HEAT, RADIATION LOSSES, AND HEAT REJECTED FROM EACH

CYLINDER PER 100 REVOLUTIONS.

Total heat admitted to high-pressure cylinder 598,800 B. T. U.

Total heat used in all jackets, assuming ^ weight of

jacket steam to be used in each jacket 40,870

Total heat used 639,670

Heat rejected from low-pressure cylinder 513,420

Total work done 119,653

Total radiation loss 6,598

639,670

Radiation loss from each cylinder assumed to be

equal in all cylinders 2,199

Heat rejected from high-pressure cylinder = heat entering + heat supplied by

jacket — radiation loss — work done

= 598,800 + 13,360 - 2,199 - 36,456

= 573,505 B. T. U.

Heat rejected from intermediate-pressure cylinder = heat rejected from high-

pressure cylinder + heat supplied by jacket — radiation loss — work done

= 573,505 + 13,360 - 2,199 — 35,286

= 549,380 B. T. U.

Heat rejected from low-pressure cylinder = heat rejected from intermediate-

pressure cylinder -t- heat supplied by jacket — radiation loss — work done

= 549,380 + 14,150 - 2,200 - 47,910

=-. 513,420 B. T. U.

= K -h K' (see low-pressure analysis).
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HIRN'S analysis—data and results per 100 REVOLUTIONS. HIGH-PKE8SUKK

CYLINDER (JACKET STEAM EXCLUDED) WITH FIRST RECEIVER.

Quantities.

Steam from boiler entering working (

cylinder, pound:; )'

Steam in deanmce, pounds
Steam at admission, pounds
Steam used by calorimeter, pounds...
Steam, total, pounds
Heat of condensed steam
Condensed water, pounds
Heat given to condensing water
Heat supplied to engine
Sensible neat at admission

4.

5.

6.

s!

9.

10.

11. Internal heat at admission ,

12. Sensible iieat at cut-off

13. Internal lieat at cut-off

14. Sensible heat at release

15. Internal lieat at release

16.

17.

18.

19.

20.

21.

•22.

•2:}.

*24.

Sensible heat, beginning of com-

1

pression '.

\

Internal heat, beginnihg of com- I

pression f

Cylinder loss during admission
Cylinder loss during expansion
Cylinder loss during e.xhaust

Cylinder loss during comi)ression

Heat discharged, and work
Jacket and Loss
Jacket and Loss

Symbols.

M

Mo

M+Ma
K'
G
K

Ho'

H,

Qa

Qd
B
D
B'

Formulae.

100(roH-C,,Xc).
100 (Tc -I- T'o-f-v

Mqg.

G{qjc—Qi) (Heat rejected.).

M(xr+q)
.Vo<?o.----:

mYs±I%,
(M+Ma)q, ...

100 — -Px

(Jf-h-V„)92

100 _i^ -Pi.
V-i

Moq^

100
r.+ T-

-P3

Q + IIo + lW-n^-Hi'-AWa ....

Hi + H^'-H^-H^'-A Wb
ff^ + H^'-Hs-Hs'-K-K'-A W,
Hs + Hs'-Ho-Ho'-AWd
K+K' + AW.
Q-B
Qa+Qb + Qc+Qd

504.5

18.158

5-^2.658

573,505

598,800
5,819

14,270

167,400

356,900

128,700

411,300

4,527

15,700

-1-62.629

-46,990
-27,862
- 1 ,064

^609,961

-11,161
-11,161

Quality of steam entering.

.

Quality of stt-am at cut-off

27. Quality of SI earn at release

Quality of steam at compression.

Quality of steam at admission. .

.

Quality of steam in exhaust

Heat lost, admission
Heat restored, expansion
Heat rejected, e.xliaust

Heat lost, compression

Heat ntilized, work

rt

b

c

d

10

R

per calorimeter percent

100
, ,Y- "

(M+Ma)V2
"

T'-+F3
100 -,7---

per calorimeter. .

.

Qa^Q
Qb-^q
Q'-^Q
Q.i^Q

^^Q
radiation-i-Q.Heat lost, radiation

Ratio, radiation to work \R-i-i
Ratio, cylinder condensation to work. la-HW
Thermo-dynamic efficiency K \(t—tg)'+(ii6+Y)
Actual efficiency E, .4ir-5-0
Efficiency compared with ideal

I E' E^-^E . .......

per cent.

98.95

93.3

96.8

10.46
-7.86
-4.65

.18

6.087

367
.0603

1.72
8.96
6.087
68.0

Special symbols Vc = volume clearance, t = measured temperature. Subscript 5 applies to

exhaust, i to injection, k to discharge, g to air-pumi) discharge. A =——.

Correct for steam used by calorimeter, when necessary. .

• This quantity is the difference between the heat lost by radiation and that received from the
jacket. The negative sign shows that more heat is received than lost.
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HIBNS ANALYSTS—DATA AND RESULTS PER 100 REVOLUTIONS—INTERMEDIATE
CYLINDER (JACKET STEAM EXCLUDED) WITH SECOND RECEIVER.

Quantities.

1. Steam entering cylinder, pounds...
2. Steam in clearance, pounds
3. Steam used by calorimeter, pounds.
i. Steam, total, pounds
6 Heat of condensed steam
6. Heat rejected
7. Heat given to condensing water
8. Heat supplied to enL'ine
9. Sensible heat at admission

10. Internal heat at admission

11. Sensible heat at cut-oflE

12. Internal heat at cut-ofE.

1.3. Sensible heat at release.

14. Internal heat at release.

15. Sensible heat, beginning cf com- /

pression (

16. Internal heat, beginning of com- (

pression (

17. Cylinder loss during admission
18. Cylinder loss during expansion
19. Cylinder loss during exhaust
20. Cylinder lose during compre-sion
21. Heat discharged, and work
22. Jacket and Loss
•23. Jacket and Loss

Symbols.

M+Mo
K'
G
K

t

III

Hi

Hi'

Hs

Hs'

24. Quality of steam entering ..

25. Quality of steam at cut-oflf
,

26. Quality of steam at release ,

27. Quality of steam at compression.

28. Quality of steam at admission. .

.

29. Quality of steam in exhaust

30. Heat lost, admission
31. Heat restored, expansion
32. Heat rejected, exhaust
33. Heat lost, compression

34. Heat utilized, work

.35. Heat lost, radiation
36. Katie, radiation to work
.37. Ratio, cylinder condensation to work,
38. Thermo-dynamic efllciency

89. Actual efflciency

40. Efflciency compared with idea)
,

Qb

Qd
B
D
D'

E
Ei
E'

Formuhe.

\W){Vc+V^)+Vn

Mqg.

Giqk-qO—
M(xr + q)
.l/„yo ••.-•...

looI^ilVo

P/+J/„)9i....

100 pj.

100—- Pa.

Voqs

100i^P3
Q + Ho + Ho'-Hi-Hj'-A ir„ ...

Hi+lh'-lh-Hi'-AWb
Hi + Hi'-n^-Ih'-K- K'-A W.

Hs +Hs'-Ho-Ho'-A llrf

K+K' +AW
Qa+Qh+Qc+Qd-'.'.'-'''.
per calorimeter per cent.

100 -^-
,.„ Vc+ Vi

i.V + Mo) i-i

Vc+Vs
JOO-^-r^ "

per calorimeter , "

lv=n»^-*^'^''
Qa^Q "
Qb^Q "
Or^Q "

%-e "

778'*" '^

Radiation -t- O "
R+w
a-t-w
(<- ^)-i-(460 + per cent.
A^y^Q "
^, + A

504.5
22.33

526.83

549.380

573,505
5,534

18,780

125,600

381,400

95,300

434,100

4,201

18,420

67,439

-35,755
-41.4t;5

-1,380

584,666
-11.161
-11,161

85.4

93.2

94.0

11.75

-6.«3
-7.23
-0.24

6.156

.384

.0683
1 795
8.9»
6.155

68.55

Special symbols, Vc = volume clearance, ( = measured temperature. Subscript 5 applies to

1
exhaust, i to injection, k to discharge, y to air-pump discharge

Correct for steam used by calorimeter, when necessary.

'778"

* Same explanation as for high-pressure cylinder. Radiation assumed equal for all three

cylinders, and heat received from jackets assumed equal in high and intermcdiateprcBSure cylinders.
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HiaX'S ANALYSIS—DATA AND RESULTS FEU 100 REVOLUTIONS—LOW-PRESSURE

CYLINDER (.rACKET STEAM EXCLUDED).

Quantitle*.

1. i^team entering working cylinder, [
pounds t

i. Steam in clearance, pounds
3. Steam n*ed by calorimeter, pounds..

.

4. Steam, total, pounds
5. Heat of condensed steam
G. Condensed water, pounds
7. Heat given to condensing water

8. Heat supplied to engine
9. Sensible heat at admission

10. Internal heat at admission.

11. Sensible heat at cut-off

12. Internal heat at cutoff . .

.

13. Sensible heat at release

14. Internal heat at release

15. Sensible heat, beginning of com-

1

pression \

16. Internal heat, beginning of com- (

pression ('

17. Cylinder loss during admission
18. Cylinder loss during expansion
19. Cylinder loss during exhaust
80. Cylinder loss during compression. . .

.

21 . Heat discharged, and work
•22. Jacket and Loss
•28. Jacket and Loss

Symbols. Formulae.

'100(ri.+ Fo)-i-r„.

K'
G
K

I
ffo'

IW

Qb
Qc
Qd
B
D
D'

MQg.

100-^ -%j.

(.!/-(- J/q) §2... .

100-^^ -Pi-

-Vo?3

'•o^-'.
Q + Ho + Ho'-Hj-Ht'-AlVa
Hi+Hi'-Hi-Hi'-AWb
H^^H^'-H^-H^'-K-K'-A Ii;

H^ +H^'-Ha-Ho'-AWd
K+K' +AW
q-B
Qa+ Qb+ Qc+ Qd

504.5

9.61

514.11
38,920

8,184
474,500

549,380
1,746

8,590

93,450

353,600

68,300

399,800

821.2

3,594

11,307

464
-116,818.2

-6,902.8

561,330
-11,950
-11,950

24. Quality of steam entering .

.

SS. Quality of steam at cut-off.

26. Quality of steam at release

27. Quality of steam at compression.

28. Quality of steam at admission. .

.

29. Quality of steam in exhaust

80. Heat lost, admission
31. Heat restored, expansion
82. Heat rejected, exhaust
33. Heat lost, compression

34. Heat utilized, work

per calorimeter per cent.

loo.-rr-^V- "(M+ Mo) V,

100
^"^-^

85. Heat lost, radiation
86. Ratio, radiation to work
87. Ratio, cylinder condensation to work.
38. ThermoHlynamic efficiency

36. Actual efficiency
40. Efficiency compared with ideal

per calornneter. . .

.

/ K+K' \

E
I)E'

100

Qb^Q.

Qd-^Q.

Radiation-K Q "
B-i-w
a-*-w
('-<^)-^-(460-^<) per cent
AW-^Q
Ei-^E

81.15

83.33

89.95

2.056

.084

-21,22
-1.256

8.7

.40

.046

.236
10.98
8.70
79,18

Special symbols, Vc = volume clearance, = t measured temperature. Subscript 5 applies to

1

eihaost, i to injection, k to discharge, ff to air-pump discharge. A =

Correct for steam need by calorimeter, when necessary.

778

* Same explanation as for high-pressure cylinder.
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DISCUSSION.

Prof. C. H. PeahorJy.—The test of the triple expansion engine

at North Point Station, Milwaukee, conducted by Professor Car-

penter and reported here by Professor Thurston, is of the great-

est importance to all who are interested in steam engineering.

The designer and builders of the engine may well be satisfied

with a report showing the best performance as yet attained on

any engine. There are, however, some things in the paper to

whicli I am inclined to take exception.

It appears to me an error to report the dry steam per horse-

power per hour. The engine actually used 11.8 pounds of

steam per horse-power per liour ; a sufficiently remarkable re-

sult. The steam carried about one per cent, of moisture; if

allowance is made for that moisture, the dry steam used apjoears

to be one-tenth of a pound less. The errors of the determina-

tion of the indicated horse-power have at least as great a mag-

nitude as this. We may, therefore, consider the two figures as

substantially identical ; and, to my mind, the making oiany allow-

auce more tlian offsets the slight reduction thus obtained. Now
we find, by the aid of the recent types of calorimeters, that

steam supplied to engines in good practice seldom contains

less than half a per cent., or more than one and a half per cent.,

of moisture. The uncertainty due to priming is, then, not greater

tlian the variation in the value of a pound of steam at different

pressures, and is less than the allowance to be made for the tem-

perature of the feed-water ; if some of the steam is used in

steam-jackets, the case becomes very much involved. It appears

to me desirable that tlie results of an engine test should give

the actual quantity of steam used, together with the steam press-

ure, the priming, the temperatuie of the feed-water, and if

jackets are used, the steam condensed therein ; all these and

other important data are customarily reported now and have

been for many years. If one wishes an exact statement of the

consumption of the engine, it can be liad in the form of thermal

units per horse-power per minute, as lias already become cus-

tomary.

There is another point which appeal's to me even more objec-

tionable ; namely, tli»; assigning a nunil)er of pounds of steam per

horse-power per liour to an ideal engine working on Carnot's
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cycle. The actual steam engine admits steam to, and exhausts

steam from, the cylinder; and i/ses some number of pounds

of steam per horse-power per hour. We may readily calculate

the steam that would be vsed by an engine without mechanical

imperfections, and with its cylinder made of non-conducting

materials ; such an engine is as much an ideal engine as one

using Carnot's cycle, but the steam used is a real mathe-

matical quantity. It is quite different Avith the engine using

Carnot's cycle ; nothing enters or leaves the cylinder, but we
have isothermal and adiabatic expansions and compressions,

during which steam is formed or is condensed. It is only by a

mathematical fiction that we can assign a steam consumption

to that engine, and such a mathematical fiction leads only to

confusion and misconceptions. There is one thing, and one

thing only, that is of practical value connected with Carnot's

cycle ; namely, it allows us to calculate the maximum efficiency

of an engine working through a given range of temperatures.

The comparison of the efficiency of the actual engine, with the

efficiency of the non-conducting engine which has a similar

cycle, and with the efficiency of Carnot's cycle, gives us real and

valuable information; the comparison of the heat consumption

of these three cycles, in thermal units, gives exactly the same
information. But the comparison of the steam consumption of

the actual engine, with the steam consumption assigned by the

aforesaid mathematical fiction to Carnot's cycle, gives a result

which is inconsistent with that from the legitimate comparison

;

such a method is therefore misleading and unwarranted.

Before proceeding with this same subject, I would like to ask

how the efficiency of this engine, given as 0.18727 on page 338,

was obtained. Using the heat consumption 217.6 B. T. U., on

page 338, in the equation on page 348 we get

42 42E« =
217 6 = "-194.

Again, on page 357, the author refers to "the common—theBan-
kine cycle." I wish he would kindly say just what he means
here. Eankine in The Steam Engine discusses two cases—one

for jacketed engines and one for unjacketed engines. May we
assume that the case of jacketed engines is intended, from the

following quotation from page 358 ? " The case here studied is
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that of the jacketed engine, and it is assumed, with Rankine,

that the jacket has precisely that effectiveness of action which

insures the retention of the working charge in the dry and

saturated state up to the point of rejection with the opening of

the exhaust valve." If so, we have but to turn to page 370 and

following to see that that is just what the jackets do not do.

The following table, extracted from the Hirn's analysis, tells the

story

:

QUALITY OF STEAM IN THE CYLINDERS, PER CENT.

High Pressure. Intermediate. Low Pressure.

H. E. C. E. H.E. C. E. H.E. C. E.

Cut-off 81.85

83.90

86.77
76.20
93.3
86.20

76.6

83.9

85.4
81.7
93.3
8S.9

70.2

74.6

81.15
77.5

Release
83.3
77.1

It needs but to add that the steam supplied had one per

cent, of moisture, and that the quality of steam in the exhaust

from the low-pressure cylinder was 84.3/^. As the steam be-

came progressively wetter on tlie way through the engine, the

steam supplied to the intermediate and low pressure cylinders

must have had a quality between 99^ and 84^^.

In view of this, and of the formidable array of tables and dia-

grams occupying the latter half of the paper, I am led to protest

that there is but one efficiency for the steam-engine ; namely, the

ratio of the heat changed into work to the heat supplied by the

boiler. There is some interest and advantage in comparing this

efficiency with that of a non-conductiug engine and with Carnot's

cycle. This shows us what we are doing, what we are trying to

do, and what is the limit of possibility, and would appear to

exhaust the subject.

I thought it would be of some interest to calculate tlie tliree

efficiencies and compare them with results from the engine in

the laboratory of the Massachusetts Institute of Technology ; so

I have prepared the following table :
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Enginbs AT

North Point. M. I. T.

28, 48, 76-60
135.94

5.3
2.0
11.8
0.194
0.2;J5

0.276

9. 16, 24-30

Steam pressures 157.7

Pressures a' release . 6.0

Meau back pressure 4.5

Steam per horse-power per h
Elfficiencv of engine - - -

our 13.7
0.183

ucting
cycle.

engine 0.235
" " Carnot's 0.245

Attention should be called to the fact that, of the diagram on

page 353, the first two divisions on the left represent our present

experimental knowledge of the properties of saturated steam

;

the other fifty-eight divisions would appear to represent rather

a large extension of the curves into the region of the unknown.

On page 367 an attempt is made to deduce the saving from the

use of the steam jackets, from considerations of cylinder con-

densation, adiabatic expansion, etc. With an engine showing

so remarkable an economy, one must hesitate to say whether

any change could improve it, and it appears that the jackets

were well designed and applied; but there is but one way of

knowing how much is gained by the use of the jackets, or

whether there is any gain in this case, and that is to make the

proper tests with and without steam in the jackets.

Finally, I desire to disclaim any responsibility for the publi-

cation of the diagrams for the action of the reciprocating parts

on pages 324 and 32.5. The work was done by one of my assist-

ants, and a tracing was sent to the biiilders of the engine in

acknowledgment of their courtesy in furnishing information. I

was surprised to find a reproduction of the diagrams in their

report of this same test, and was more surprised to find it hon-

ored by an appearance in the Transactions of our society. I

could have washed for an opportunity to revise the work, to

make some changes, and to ofi'er some explanation of its mean-
ing. If it can be done, I would like to have the figure on page
321 follow that on page 325; the two really ought to be on
pages facing each other. If that is done, the work will be con-

sistent ; I believe it to be substantially correct.

Mr. Oeorf/e I. Ro^kicoofJ.—Appreciating the large expenditure of

time and labor attending the preparation of Professor Thurston's

interesting paper, and the comparative ease with which cavil-
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ling criticism may be offered, T should be more disposed to

praise its thoroughness rather than to criticise, were it not for

the fact that the main figure— the figure which makes the test

of remarkable interest—namely, llyV^ lbs. steam used per

I. H. P. per hour, is adduced by the author (on pages 366, 367)

as proof of the correctness of his previously published " Philoso-

phy of the Multiple-Cylinder Engine." I think it possible to

show—both by means of data recently obtained in tests of a

two-cylinder compound engine, designed in accordance with a

system of compounding devised by myself, and by means of fig-

ures given in the paper itself—that the low steam consumption

mentioned does not constitute proof of that philosophy, and that

the accuracy of the feed-water measurement is at least open to

question.

My idea, in thinking that the water test is in error, is based

on the following considerations :

1. There is no good reason apparent, a priori, why this en-

gine should have been expected by its designers to exceed in

economy, as it does by at least 10,^, all other engines of its own
type "under similar external working conditions."

It is not essentially different, in any particular of its design,

from other triple engines furnished by the same builders for

other than pumping purposes ; nor is it essentially different

from Corliss pumping engines built by others.* Indeed, its low

steam pressure and rotative speed should have made it less

rather than more economical than these other engines of its

class.

2. The feed-water test shows less heat consumed than does

the heat-unit test proper. In other words, taking the data of

the test made April 7 (given on page 337), and even allowing

for the greater horse-power, due to an increase of one-tentli of

a revolution per minute over the speed existing during the test

of March 25, the thermo-dynamic equation Avhich should exist

between the amount of heat entering the engine, both through

its jackets and tlirough its main steam-pipe, and the amount

independently measured as passing out of the engine in the

exhaust steam, as radiation and as Avork, cannot be established

excepting on the supposition that more water was actually

evaporated in the boilers tlian the amount as given.

* Vide test Xariagiuisett Electric Light Kngiue or test of Laketon Puni|>-

ing Engine by Professor Denton.
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3. According to the figures given in the table of water per

I. H. P. per honr, computed from the diagrams (page 375), there

was present in the high-pressure cylinder, just before release,

lOf'ifV lbs. of the total HiVcfiT ^^s. The jacket-water, being 9.25;:^

of the total, amounted to l.OS lbs. This added to lOfVu gives

11i^^\t lbs., which, subtracted from II^Vq^, leaves present in the

high-pressure cylinder at release but -^^^j of a jDound, which is

but I'^c of the alleged total feed-water. If the figure lljVij^iy is

correct, then here is the secret of the remarkable result. This

engine works without cylinder condensation in either of the first

two cylinders. It may, however, be set down as the only engine

that ever did or ever will operate in that manner, " under simi-

lar external working conditions."

4. It seems to be characteristic of the various Western pump-
ing plants having Reynolds Corliss pumps, that the boilers,

though designed to be first class in all respects, of course, and
though worked with good grades of fuel, invariably do poorly.

Why is it ? Under the conditions, they should be discarded if

they cannot be made to do at least 10> better. But perhaps

they are really evaporating this amount more than they are

accredited with in the paper. A poor boiler performance and
a superlatively fine engine performance would be the result of

incorrect water measurement.

5. I am in doubt as to the accuracy of the sketch annexed to

page 332. This drawing seems to show that all three weighing
barrels are rigidly connected to the same delivery pipe. This

pipe was perhaps 2i" diameter, and therefore large enough to

help support or depress one or more of the barrels at any given

time. If this rigid pipe connection actually existed at the time

of the test, then we need look no further for an explanation of

the figure ll^\r>.

I have indicated the inconsistency, as it seems to me, of cer-

tain facts as given in the paper, and the improbability, in gen-

eral, of such an engine, working under so low a steam pressure

and slow a speed, giving the horse-power on so low a steam

consumption.

The second part of my critique has to do with the statement

of Dr. Thurston, on pages 366, 367, to the effect that the more
cylinders adopted with a stated boiler pressure, the less will be

the loss by cylinder condensation.

In the volume of Transactions for 1892 will be found a paper
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containing an account of some compound and triple engine tests,

which of themselves would seem to disprove the statement.

However that may be, I would like to call the attention of the

practical men here present to data from a Rockwood System

Compound Engine, built by the Wheelock Engine Company, of

Worcester, and running the cotton-mill of the West Boylston

Manufacturing Company, at Oakdale, Mass. The cylinders are

two in number, and connected as a pair on either side of a

20-foot fly-wheel. Their diameters are respectively T?nT7 x48"

stroke of pistons. An intermediate superheating receiver of

large bulk is placed below the floor and between the cylinders.

The low-pressure cylinder exhausts through a 1-i" exhaust pipe

into a Wheelock Adjustable Syphon Condenser ; hence, the

engine has no air-pump. Steam is supplied by a battery of

three Manning upright boilers, situated about 100 feet from the

throttle-valve. The boilers are of standard make, for withstand-

ing a pressure of 150 lbs., and have a proportion of total heating

surface to grate surface of '{. The boiler-feed duplex pump is

driven by steam taken from these boilers.

Just before Thanksgiving Day the plant was twice tested

;

once with a load of 378 I.H.P., and the next day a load of 484j

I.H.P. The first test was preliminary to the second, which

was the final test. The coal and the power were the two quan-

tities measured. Incidentally I also measured the moisture in

the steam. To measure the power, at my request, I was kindly

loaned four new Tabor Indicators by the manufacturers of them.

The coal was weighed by the superintendent of the cotton mill.

Following are the results :

TEST WITH LOAD OF 378 I.H.P.

Duration of test 5 hours.

Total coal burned (including that used at banking the fires and to

run the feed-pump) 26G4 lbs.

Hevolutions per minute 77.3

Steam pressure, average 138 . 5 lbs.

Vacuum by gauge, average 205 inches.

Coal per I. H. P. per hour (without deductions for moisture, ash,

or any kind whatsoever) 1 .41 lbs.

The number of expansions during this test was 40
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TEST WITH A LOAD OF 484^ I.HP.

Duration of test 9i liours.

Steam pressure, average. ... 144 2 lbs.

Vacuum by gauge 27i iuclies.

Total number of expansions 25

Total coal burned (including that used at noon for banking and

that used to run pump) 6358 lbs.

Coal perl. H.P. per hour (without deductions for moisture, ash,

or any other kind) 1.38 lbs.

This includes, besides 9., hours of regular running, a short

run of ten minutes just before 1 o'clock, to warm up the engine

and get the load well on bjthen. No coal allowance was made for

the slight amount of steam taken from the boilers at this time.

In each test the calorimeter showed moisture in the steam to

the amount of 1.6:. But as, when the engine was not running,

the instrument still showed 1^ of moisture, I consider the actual

amount of entrained water to have been a little over one-half

of l^c.

Some interesting comparisons may be drawn between the per-

formance of this plant and that reported by Dr. Thurston.

Three Manning upright boilers are here used, while in Milwau-

kee there were four horizontal boilers. Dr. Thurston ascribes

the poor duty of these boilers to " probably " too thin fires.

Now, notwithstanding the fact that the rates of combustion and

of evaporation in the Manning boilers were nearly identical

with those of the horizontal boilers, I had no difficulty in carry-

ing hea^y fires. Dr. Thurston remarks that the moisture in the

steam was l.Oo'^, although the boilers are shown in the draught

to be quite near the engine, and, as before stated, ebullition in

the boilers was quite moderate. I should like to kno\^' whether
any correction has been made for the moisture indicated by
the calorimeter, when the steam was known to be dr}".

I leave the data of the compound-engine test as just given,

without attempting to figure out of account the effect of various

small percentages, such as moisture and ash in coal, moisture

in steam, leakage from the boilers, coal used for banking, etc.,

as the owner of the plant cannot take them into account in set-

tling his coal bills. I may say that I have yet to learn of a sin-

gle authentic case of a triple-expansion or quadruple-expansion
engine which is daily operated with an expenditure of less than

1.4 lbs. of coal per I. H. P. per hour, no deductions being made
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for the several small items stated. Not until this duty is shown

to be surpassed in regular every-day operation of the plant,

can the mill-owner be justified in sinking his money in a multi-

ple-cylinder engine in preference to a two-cylinder compound,

properly designed.

I will add to this discussion the indicator diagrams taken

during tests, showing the action of the valve-gear and the degrees

of expansion in the two tests.

I would say that the scales were sealed by the Sealer of

Weights and Measures before being used for weighing the

coal, and that Mr. Wm. B. Fittz, superintendent of the Oak-

dale Mills, was extremely careful in his coal measurements, as

we both doubted our first test, on account of the remarkable

economy shown ; he also figured the horse-power after me, to

obtain a check. The indicators were new, and directly from the

shops.

A water test, wholly without the connivance of those conduct-

ing the trial, may be entirely wrong without their knowledge.

If a coal test is used as the basis of one's conclusions as to the

economical operation of a steam-engine, it is next to impossible

to be mistaken on the score of using too stnall an amount of coal

to the horse-power, though confusion reigns, of course, when
more than a reasonable amount is consumed. This is not said

to disparage water tests, where these can be accurately made.

We used George's Creek Cumberland coal, having small ash or

moisture.

To deal somewhat further with the facts regarding this

engine test which I report, and which Professor Denton has

commented upon unfavorably, for not including a feed- and

jacket-water test also, I wish to say that I weighed the water

that went to the boilers ; but, unfortunately, I also weighed

much more.

After leaving the weighing barrels, the water went into an

open heater and thence (we supposed) to the boilers. Ou ex-

amination it proved that more than one-fourth of the whole

amount was wasted by being syphoned out of the overflow pipe.

Prof. G. I. Alden, of Worcester Polytechnic School, is intend-

ing to carry out a course of experiments on this engine, and I

assure you neither I nor any one else interested directly in the

performance of this engine will bo present.

Besides this engine there are others wliich will be tosttul soon.
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Among these is cue having cylinders of the following dimension,

18
jq- X 48 ', to work with a boiler-pressure of 160 lbs. Another

18
one of this type has cylinders jjr, x 48 ', steam of 150 lbs. A

third is the Lowell pumping engine, designed twenty years ago

by Mr. E. D. Leavitt. The old cylinders were removed, and

their places supplied with cylinders as follows : high-pressure

cylinder, 20' x 60'; low-pressure cylinder, 41" x 96". This

engine formerly worked with a boiler- pressure of only 50 lbs.

With the new arrangement the boiler-pressure is 160 lbs. As
this engine runs but 13 R.P.M., I do not expect so low a steam-

consumption as fi'om some of the others.

This method of compounding has come to stay, I think,

because I am getting wonderfully fine results in point of econ-

omy without any practical difficulties in operation. Even if the

economy in steam were not quite so good as in multiple-expan-

sion engines, there are sufficient practical reasons for adoiDting

this method of compounding in preference to any other. But I

am very far from admitting that, given an equal number of ex-

pansions and an equal boiler-pressure, it is any less economical

than any multiple-cylinder engine whatsoever.

I would also say that the commercial interests of the day fre-

quently require engines to take care of great variations of load.

This type of engine is especially fitted to do its work economi-

cally under such conditions. There seems to be something about

the atmosphere of Milwaukee on account of which engines com-
ing from that city are bound to give extraordinarily good econ-

omy. We are having an engine built in one of its engine shops

which is to drive electrical machinery for a street railway. This

engine also is to be tested.

Mr. F. A. Scheffier.—I wish to call attention to the table on
page 350, which is entitled " Steam per I.H.P. per hour at Max-
imum Efficiency, as above," which, notwithstanding the refer-

ence " as above," is extremely misleading. I cannot understand

why Dr. Thurston should even have considered the necessary

work involved to present such a table, as he, as well as every one

else who has given the subject even a small amount of consider-

ation, is aware that to say virtually, even theoretically, if feed-

water at 110 temperature is evaporated into steam at 90 lbs.

pressure, and used with the highest efficiency theoretically ob-

26
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tainable, that the consumptioii of 8.68 lbs. of steam will be used

per I.H.P. per hour, and that if the feed-water temperature is

increased 100° to 210'', under the same conditions, that it will

require more than twice as much steam per I.H.P. per hour, or

18.02 lbs If this theory is correct, and we all know that prac-

tically it is absolutely not correct, why not deliver the feed-water

to the boiler at 32°, or even at zero, and use one -half or one-

fourth as much as would be required at 110^ ?

This Society is after facts as well as theoretical data, and I

can see no good cause for the lot of calculations, with results,

which are presented in this particular table. The title of the

paper is very exact in its meaning of what is intended to be

covered in the paper. There is, however^ no " contemporary

economy of the steam-engine " that I can find or ever expect to

find in this table. Perhaps I do not fully comprehend the idea

in Dr. Thurston's presentation of this matter, but it stands to

reason that if any person should have occasion to look up
certain information on economy in the operation of steam-

engines, and the bearing which feed-water temperatures have in

the matter, and should run across this table, without a previous

investigation of what precedes the table, he would certainly

become very much confused by the data therein given.

Mr. William Kent.—One remarkable thing about this engine

seems to be its slow speed. Why was it necessary in designing

this engine, supposing it to be the best that has ever been built,

to design it for a slower speed than pumping-engines were built

for fifteen years ago ? Tlie higher speed gives us economy of

first cost of engine and foundations, and some other economies,

and is supposed to give economy of steam. Why was it neces-

sary to make this engine give a piston speed of only 203 feet per

minute ?

As to the analysis of this Pocahontas coal, it is given as

containing about 7^« of volatile matter. That would rank that

coal as a moderately soft anthracite. I have seen no analysis

of semi-bituminous coal which did not have about twice that

quantity of volatile matter. Th'^^ Pocahontas people them-

selves have never published, so far as I know, any analysis that

looked like that. If the Pocahontas region has any such coal it

ought to be known.

^fT. F. II. Bull.—As members of the American Society of

Mechanical Engineers we may well be proud of the remarkable
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engine whiob is the subject of this paper, because it is not only

an American engine, but was designed by a member of our

Society. It might be added that it was tested also by members

of our Society, who have given us the result of their investiga-

tions in the valuable paper to which we have just listened.

If I may be allowed to criticise so able a paper, I would like

to call attention to the manner of combining the indicator cards

which is here employed. Keferring to page 363, it will be seen

that the diagrams are first reduced in length to relative scales

that correspond with the relative piston displacement of the

three cylinders. Then the diagrams are placed at such dis-

tances from the clearance line of the proposed combined diagram

as to correctly represent the clearance in each cylinder.

All this is entirely orthodox, and in accordance with accepted

methods, but nevertheless is entirely wrong, as I will undertake

to show.

Let Fig. 128 represent a set of theoretic diagrams from a

triple-expansion engine, in which the clearance of high-pressure

cylinder is 2':^, the intermediate 20^, and the low 5fo.

Combining these cards by the method used by Professor Thur-

ston, we have the combined diagram shown in Fig. 129. Here
each diagram is placed in its proper relation to the clearance

line, and yet who will say that such a combination can serve any

useful purpose ?

The same diagrams are combined by another method in Fig.

130. By this method the diagrams are first reduced to their

proper relative length, as in the former case. Then, instead of

placing them with relation to a common clearance line, so as to

represent their respective clearances, they are placed with rela-

tion to a common continuous Marriotte compression curve. This
compression curve may be arbitrarily located, or may be the

extension of the compression curve of any one of the diagrams,

having first located the clearance line with relation to the com-
pression curve of this diagram.

In placing the other diagrams against the continuous compres-
sion curve of the combined diagram their respective compression
curves will not probably coincide with the continuous curve, and
the diagrams must be reconstructed in the usual manner, by
drawing any convenient number of lines through the diagrams
parallel to atmosphere, and then transferring the measurements
on these lines to the proposed compression curve of the com-
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Fig. 180.

Fig. 129.

Fig, 128.

ur.fiU'n ,v i-.itfr, /•.M,/.-,. .\. i;
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bined diagram. In doing this the compression curve of each
diagram must be completed up to the line of highest pressure
in that cylinder.

The supposed object of combining cards from an engine, where
the expansion is carried through successive cylinders, is to com-
pare the aggregate performance with the expansion of the same
volume of steam in a single cylinder.

Can there be any doubt as between Figs. 129 and 130 which
offers the best opportunity for such an investigation ?

It may be said that this is an extreme case, but is it not by
extreme cases that errors are made clearly apparent?

^^.

Bradley ^ Poatea^ Engr's, jV. 1'.
\

Fig. 131.

"With very small clearance the faulty method commonly em-

ployed, as in Fig. 129, is less conspicuously wrong, but the error

is still there on a reduced scale.

Figs. 131 and 132 represent a set of diagrams from the Milwau-

kee pumping engine, combined by both the methods that have

been described.

The writer is indebted to Prof. R. C. Carpenter for the original

diagrams here used, which were taken during the test described

in the paper under discussion.

The clearance of this engine is extremely small, and yet an

appreciable difference appears in the resulting diagrams repre-

sented in Figs. 131 and 132.

These combined diagrams often become the basis of a com-

parison between the total work realized and that due to the
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theoretic diagram, and the result is generally expressed by a
ratio. Thus, in Fig. 131 :

Aggregate Indicated Work
^^*'° = Work represented by area of A, B, C, D, E, A, = ^'^^

The same diagram, measured in Fig. 132, gives as follows :

Aggregate Indicated Work
Ratio = 56^_fe _ Q gj

Work represented by area of F, B, C, D, K, F,

Fig. 181 is exactly the method used by Robert W. Hunt and

A-^i

K Bradley ^ PoaUt, Engr'a, X 1'.

Fig. 133.

James N. Warrington in summing up the result of their test of

the pumping engine in the Fourteenth Street station in Chicago.

The report referred to appears in a pamphlet published by the

builders of the engine, E. P. Allis & Co. of Milwaukee.

A refinement of this method is employed by Professor Denton

in his paper on the Laketon engine, presented at the Chicago

meeting, and forming part of Vol. XIV. of the Transactions of

this Society.

Professor Denton's method is to draw the line F 11 perpen-

dicular to the atmospheric line, and located so that FB shall

represent the volume of steam measured at cut-oft' in high-

pressure cylinder, less that which has been restored by compres-

sion into clearance space.

He then uses tlie area of F, B, C, D, //, F, for a divisor in-

stead of A, B, C\ D, h\ A, as in the former method.
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Fig. 134
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This matter may seem foreign to the discussion of Professor

Thurston's paper, but is introduced for the sake of complete-

ness, and to show the error that may follow from the use of a

clearance line in combining diagrams, instead of a compression

curve.

To illustrate this more fully let Fig. 133 represent theoretic

diagrams from a compound engine exhausting into atmosphere.

The clearance of high-pressure cylinder is assumed to be

20fb, and the low pressure lOi^, with a cylinder ratio of 2.

Fig. 134 represents these theoretic diagrams, combined in the

manner used by Professor Thurston in the paper under discus-

sion, and also by Professor Denton in his paper referred to, in

which the location of both diagrams is determined by the clear-

ance line.

In this combined diagram, B C is the theoretic expansion

curve, and according to the generally accepted method, the

ratio of area realized by this engine is :

Aggregate Indicated Work
Ratio = ;- = 074

v\ ork represented by area of A, B, C, D, E, A,

According to Professor Denton's method we have as follows :

Aggregate Indicated Work
Ratio = = 0.84

Work represented by area of F, B, C, D, H, F,

The same diagrams are combined in Fig. 135 in accordance

with the compression curve method already explained. The ratio

of work realized as determined by this diagram is as follows :

Aggregate Indicated Work
Ratio = = 0.97

Work represented by area of F, B, C, D, K, F,

We have then, from the same theoretic diagrams, the following

conflicting ratios of work, as computed by the three methods :

Commonly accepted method 74;?

ProfcHHor Denton's method 84{?

Compression curve method 97^

Inasmuch as these diagrams are theoretic diagrams, the only
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loss of area is that due to " drop " at exhaust opening, and to

incomplete compression. These losses are represented by the

area of tlie three small triangles, which by careful measurement

is found to equal 3'< of the area of F, i?, C, D, TI, F, so that

of the total area of F, B, C, D, H, F, 97f^ is indicated work and

3;« free expansion loss.

If this compression curve method is right, the others are ver;/

wrong, particularly in extreme cases, and therefore ought to be

abandoned.

It is no more trouble to combine the cards on a compression

curve than with relation to a clearance line.

Only one of the three methods can be correct. Which is it ?

Perhaps I misunderstood Professor Denton's method ; and I

would like to ask him if, in constructing his theoretical expan-

s-ion curve', he uses the clearance line, or did he use line F3
as the clearance line for his expansion curve ?

Pro/tssor Denton.—F H.

Mr. B ill.—Then I misunderstood him, and am very glad to be

corrected, and am glad to find so good an authority as Pro-

fessor Denton on my side of the question in regard to com-

paring areas. It makes just this difference : if the line FH
is used as the clearance line, the expansion curve would fall

below the high-pressure curve, and coincide at the release in

low-pressure cylinder.

Professor Denton.—That- is what I said. If you draw that line,

then the area between that line and the vertical is the same as

between your two bands.

Mr. Ball.—Professor Denton says further, and I quite agree

with him, that it is not necessary to combine these diagrams at

all to make the comparisons of areas. The diagrams can be
measured and the high-pressure area reduced by the ratio of

cylinders, and added to the area of low-pressure diagram, and
then the theoretical area can either be obtained by computa-
tion, or by drawing a curve and measuring it. But if the

diagrams are to be combined, it seems to me we should use a

method of combining them which will fit all cases, and convey
some idea to us even in extreme cases. Now, if we can get what
we require in the way of comparisons of area without combin-
ing diagrams at all, the chief reason then for combining them
is to get a graphic idea of vrhat is taking place in the cylin-

ders, and comparing the expansion curves with the continuous
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theoretical expansion curve. Take the case shown in Fig. 129 as

compared with Fig. 130. As between those two, which is the

most satisfactory method? Bear in mind that one method is

no more difficult than the other. If a man was piling up cord-

wood, and one stick projected beyond the others, he would

hardly be satisfied with his work until he had pushed it back

into place, and it does not seem to me that an engineer ought to

be less particular about his work.

Prof. J. E. Denton.—You would do the engine builder too

much justice by showing only the lower diagram. You would

not show that he had such an enormous amount of clearance as

the upper one showed.

The economy of the Milwaukee pumping engine, as given in

this paper, is 11.8 lbs. of steam per hour per indicated horse-

power. This is accomplished with 120 lbs. boiler pressure,

with a ratio of expansion of about 20, and about 20 revolutions

per minute, with cylinders 28, 48, and 74 inches diameter by 5

feet stroke.

The best public record of a triple-expansion engine up to the

advent of the Milwaukee engine was that of a Sulzer* mill-

engine, which consumed 12.7 lbs. of water per hour per horse-

power, with about 150 lbs. boiler pressure, 21 expansions, and

66 revolutions per minute, in cylinders about 20, 30, and 48

inches diameter by 55 inches stroke.

The theoretical laws of thermo-dynamics, supplemented by

our best empirical knowledge of cylinder condensation, losses

of pressure between cylinders, etc., cannot account for the

superior economy of the Milwaukee engine as compared to the

Sulzer. The theoretical calculations of the author of the paper,

at page 360, regarding the probable water consumption of the

Milwaukee engine, omit the theoretical steam consumed in the

jackets according to Rankine's formulae, which amounts to about

1.5 lbs. of feed-water per hour per horse power. But assuming

that there was no such numerical error, the method pursued in

computing the various losses, if applied to the case of a Sulzer

engine, would show that the latter should be more economical

than the Milwaukee engine, for the Sulzer engine has a greater

ratio of expansion, and the loss by cylinder condensation, as

computed by the formula? of the author, page 359, would be much

*See paper DXXXIX., Tranaacliona A. S. M. E., 1893.
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less per horse-power than for the Milwaukee engine. We can get

very little light from theory, therefore, to explain the superior

performance of the Milwaukee machine.

The percentage of theoretical mean effective pressure for Mar-

riotte expansion realized by the Milwaukee engine is 89, as

compared to 85 for the Sulzer. The greater ratio of expansion

of the Sulzer, however, makes the water accounted for by the

card at cut-off in high cylinder 9.41 lbs. per H. P., or practically

the same as for the Milwaukee engine, using the percentage of

cut-oft* given in the paper.

Taking the steam entering the high-pressure cylinder as 100,

the distribution of the two engines is as follows :

Milwaukee. Sulzer.

Fed to boiler 110.1,^ 117,5<^

Condensed in jackets 10. 1$? 17.5^

Entering engine 100.0$? 100.0^

Accounted for cut-off high cylinder 88.0^ 860^
Condensed during admission to high cylinder. . 12.0j? 14.0^

It is therefore seen that the remarkable elements in the dis-

tribution of steam in the Milwaukee engine are, first, that its

cylinder condensation during admission to the high cylinder is

almost as little at 20 revolutions as had been accomplished by

any other Corliss engine at upwards of 60 revolutions ; second,

that the jacket consumption is 7.5^^ less in the Milwaukee than

in the Sulzer. The latter difference represents fully the differ-

ence between the water consumption of the two engines. The
important question, therefore, is, why was the jacket consump-
tion of the Milwaukee engine so much less than that of the

Sulzer engine ?

Professor Carpenter's test, as published by the builders of

the engine, states that the temperature of feed-water of the

Milwaukee engine under working conditions was 132°. If

this temperature of feed was due to the admixture of the feed-

water with the water from the hot well, taking the latter at

105.4, it would follow that the jackets must have consumed over

12.3'c of the feed-water.

Regarding Mr. Ball's discussion of the difference in methods
of computing the ratio of the area of the combined diagrams to

that of some standard theoretical area, I would say, that his

method will give the same results as the one which I have used.
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The method used by Messrs. Warrington & Hunt does not take

account of steam saved by cushioning, and refers the actual area

to a curve whose law is ^^yV" = constant, instead of to Marriotte

curves. It must necessarily, therefore, give results differing

from those found by Mr. Ball's method.

3Ir. R. C. Carpenter.—Most of the inquiries raised in this dis-

cussion are quite fully answered in the report of the test made

to The Edward P. Allis Company, but the following explanation

may be of interest in connection with Dr. Thurston's paper

:

The official trial of the engine, made Jidy 20, 1892, was of

twenty-four hours' duration. It was in charge of Mr. G. H. Ben-

zenberg, C. E., and showed, without any reductions for moisture

in steam, 12.15 lbs. of water per I. H. P. per hour. Learning of

the results of this test. Dr. Thurston and also the writer desired

very much to disprove or verify them, and finally arranged to

repeat the test, the results of which have been so fully discussed

by Dr. Thurston.

In making this test every conceivable precaution the writer

could think of was taken to prevent error, and his closest atten-

tion was given to secure accuracy of results. The tanks used

for measuring the water were arranged so that the discharge was

visible, and by means of a movable trough, so fixed that had any

leakage occurred while a tank was filling, this leak would have

gone into Lake Michigan, and not into the boiler feed- water. Dupli-

cate observers, who kept separate log sheets, were used in

every place. The actual time of emptying each tank was

recorded in the log, and affords a check by its regularity on error

in counting.

I regret very much that the sketch. Fig. 133, has misled Mr.

Rockwood in that respect ; as this sketch was expected only to

show the general arrangement of our testing apparatus and tlie

parts of the plant with respect to each other, there was no

attempt at accuracy of detail. The sketch was made by a

draughtsman not present during the test, to a small scale, and I

had myself not before noticed the error in detail referred to by
Mr. Ilockwood. His conclusion is absolutely wrong.

Before commencing the test the boilers were carefully exam-

ined for leaks, and a small one was found in the blow-off valve.

This was stopped by disconnecting the pipe and piitting on a

cap. Special arrangements were made to run the engine under

good conditions ; as large a head of water as was possible to
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secure was carried througliout the test, and in the opinion of

Mr. Mc^Millau, the euij;iueer in charge of the station, things were

in rather better condition than at the time of the official test.

The average I.H.P. at the time of the official duty test was

r>57.029, on official economy trial 576.449, and of our test was

573.87. My test showed 0.35 lbs. of water better results, or

2.8S'J! higher economy, assuming the quality of steam to have

been the same in both cases.

During the official trial no calorimeter was used, and no

special examination for leaks at the boiler was made. It seems

quite probable that nearly all this difference would be accounted

for by these circumstances.

THE BOILER TEST.

The firemen employed were the regular men. During the test

three firemen were on duty : fireman " A," from 9 a.m. to 2 p.m.
;

" B," from 2 p.m. to 10 p.m. ;
" C," from 10 p.m. to 6 a.m. ; and

" A " from 6 a.m. to 9 a.m. We thus had the same fireman for

five hours at the beginning of the test and three hours at the

end. A careful accounting of coal burned, water evaporated,

condition of fires, and water level in the boilers was made at the

end of each watch. The result showed an equivalent evapora-

tion from and at 212° per pound of coal for each fireman as

follows

:

Fireman " A," beginning of test, 11.05' : end of test, 11.04°.

Fireman " B," 10.3 . Fireman " C," 10.3°. Average, 10.88°.

There is no reasonable doubt but that the record made by
fireman " A " could have been maintained throughout the test.

A great part of this difference can be accounted for by the dif-

ference in temperature of the boiler room. The boiler room is

situated on the shore of Lake Michigan, and during the test a

strong wind was blowing. Fireman " A " kept the boiler-

room closed and the temperature at about 76'' Falir. Fire-

men " B " and " C '* both insisted on keeping windows and

doors open, so that the boilers were practically out of doors,

the temperature averaging 53 . The temperature of the flue,

measured near the chimney, averaged 406° throughout the

test. The hot gases were carried away in a sheet-iron flue, 5

feet high and 4 feet wide, containing about 135 square feet

of radiating surface per boiler. The total radiating surface
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in the flue was about 675 square feet, to the point wliere the

temperature was measured, and in addition the four boiler

fronts contained 232, making a total of 907 square feet metallic

radiating surface, directly exposed to the air, between the

furnaces and point of measuring the temperature in the

flue. It may not be of much value, but will no doubt be of

some interest, to compute the probable radiation from these two

surfaces, as this loss is not included in the measured loss from

the flue. From some extended experiments made on the heat-

ing of air I have found that ordinarily still air will take from

an exposed metallic surface something over 2 B. T. U. per

square foot per hour and per degree difi'erence of tempera-

ture. This rate is increased rapidly when the air is in

motion, practically in proportion to the velocity. It also

increases with difference of temperature. It will not be far

from the truth to assume that the radiation rate for firemen

"B" and "C" was one-half greater than for fireman "A," be-

cause of the increase in velocity as well as the lower tempera-

ture of the boiler-room. For fireman " A " this loss becomes

2 (406 - 75) 907 = 604,062 B. T. U. per hour. For firemen "B "

and " C " the loss is 906,093 B. T. U. per hour. The total heat

absorbed by the steam was 7,554,833 B. T. U. per hour, so that

the difference in radiation loss is, as figured above, more than

sufficient to account for the difference in the results obtained by

the two sets of firemen. The flue-gas analysis shows only

about 8fo of free oxygen in the flue, 6^ COo, or an excess of air

of only .6lfo. The weight of air in the flue per pound of carbon

would be 18.9 lbs. The heat absorbed in B. T. U. per pound

of carbon burned would be 18.90 (350) 0.238 = 1,570 B. T. U. If

the total heat per pound of combustible be assumed 14,500

B. T. U.,'' the loss per cent, of heat, sujjposing hydro-carbons all

consumed, carried off in the flue, is 10.85^r'. The percentage loss

of heat, that is, the ratio of difference between that absorbed by

the steam and that which would have been given off on basis of

14,500 B. T. U. for each pound of combustible to the total, was,

during the time fireman "A" was on duty, 23.9''^, and during

the time firemen "B" and "C" were on duty, 27.9'-, averaging

for the whole time 26.55/"/.

* This is believed to be a fair estimate, for the trial in Uie coal calorimeter

showed 14,232 H.T.U. per pound of dry coal. This would be equivalent to 14,460

B.T. U. per pound of combustible, since llie sample contained 1.47'^=' ash.
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So far as we eoxild tell, the additional loss in the flue was

essentially constant, and equal to about 10.85'r. The radiation

loss from metallic surfaces, calculated as above, during time

fireman ''A " was on duty, was 8.0'^ of the useful heat, or QaVc of

the total heat. The losses for the other firemen by radiation

from metallic surfaces were 12.0^^' of the useful, or 8.6< of

the total heat. The radiation losses calculated by Peclet's

coefficients, which are no doubt more accurate than those used,

show respectively 9.(K and 12.9<, and give the values in the

second columns A. and B., and C... Summing up these calcula-

tions we have the following results :

FlREMAN Firemen

"A."
j

A.,. "B" and "C." Bj and Cj.

Heat absorbed by i^team, jier cent

*Heat carried off in flue, per cent
* Heat radiated from metallic surfaces,

76.1
10.8

6.0

76.1
10.8

fl.O

72.1
10.8

8.6

72.1
10.8

12.

n

Heat radiated from brickwork and
not accounted for, per cent 7.1 4.1 8.0 4.2

The figures given in the above calculations, while approxi-

mate, show that the total heat in the coal is readily accounted

for, and that, considering the conditions, the evaporation was

all that under the circumstances could have been expected.

Furthermore, the results obtained by fireman ''A" were most

excellent

In analysis of heat losses in test of Worthington pumping
engine at Hampton, England, Prof. TV. C. Unwin summarizes
the results as follows :

PER CENT.
Heat due to coal used 100.00

Given to steam 77.00

Carried off in furnace gases 10.00

Probable lo>s due to opening fire doors 1.00

Due to carbon in ashes 1.10

Rafliation and unaccounted for ... 10.8

My own opinion, founded on the examination of over five hun-
dred trials, is that the results obtained, comparatively speaking,

are very high. I found on record three boiler trials with the

Had no heat been radiated from flue, it.^i temperature would have been in one
case 530 , and in other case C30', to carry away the extra heat.
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same coal, in which the results obtained in each case were lower;

in one test under similar conditions the results were 4:h^c higher.

The results of our test are higher than is obtained in ninety-nine

out of a hundred boiler trials. Furthermore, the three firemen

employed were wholly unacquainted with the use of bituminous

coal, the regular fuel being anthracite, and I am informed that

two of the firemen never before had fired with soft coal. Com-
pared with other tests of the same coal they have done well,

although in the abstract the results may be low. Considering

the fact that we had the regular firemen, who had no reputation

of special skill, and were for the first time burning a coal to

which they were unaccustomed, it strikes me that the results are

as high relatively as the water consumption of the engine. With
one exception the results are the best I have yet obtained on a

boiler trial. The results show the consumption of 1.25 lbs.

of dry coal per I.H.P. per hour, which takes into account the

alleged bad performance of the boilers.

Professor Denton thinks that the percentage of jacket-water

is unreasonably small. I may state here what I have already fully

explained in the report of the test made to The Edward P. Allis

Company,* that because of the high temperature of the discharge

water from the jackets, some doubt might exist regarding that

amount; but this in no Avay afi'ected the total water consump-

tion of the engine, since the feed-water to the boiler was correctly

measured. The discharge from the jackets was led through a

long cooling pipe submerged in a tank of water, but even with

all the cooling surface possible to secure, the discharge was

very hot, and considerable steam escaped. The loss of steam I

tried to determine by noting the loss of weight in a given time

under similar conditions, but this was far from satisfactory.

As a check on this I have the temperatures of the condensed

steam and feed-water, which provide quite accurate data for the

computation of the relative proportion of jacket-water to con-

densed steam. In this engine a surface condenser was used ; the

discharge horn this, mixed with the jacket-water, KU])plied in ordi-

nary cases the feed-water for the boilers. The discharge from

the condenser varied in temjierature horn 108' to 110" ;t the

* See pamphlet published by the company.

f This quantity could not be directly measured, but was computed from the

reading of vacuum gauge. The average gauge reading whs i:}.84, error of gauge

0.52, barometer 14.5, ab.soliito pressure in condenser 1.18 lbs. Corresponding

temperature of feed-water 108. 4.

II
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temperature of the feed-water varied from 130" to 132^. In

other words, the jacket-water was sufficient to raise the tempera-

ture of the condensed steam from 108 to 130^.

It seems quite probable that there must have been some loss,

as already referred to. This loss was small, and no doubt was
less than 1.. To supply this loss, cold water at a tempera-

ture of 34^ was drawn from Lake Michigan. This loss is con-

sidered in the calculation, but it is more than probable that it

is offset by a leakage of steam from the jacket traps. For it

should be noticed, the escape of any steam whatever from the

traps would reduce the amount required to raise a given mass
to a given temperature.

The jackets on high-pressure and intermediate cylinders and
the two receivers were each supplied with steam at 120 lbs.

gauge pressure, and discharged the water of condensation through

a common trap at a temperature due to the pressure 350".

Any loss by radiation is assumed to be made up by leakage,

which was known to exist. The low-pressure jacket was sup-

plied with steam through a reducing valve, and kept at a con-

stant pressure of 34 lbs. by gauge. The discharge of the con-

densing water was from a separate trap, at temperature due

to pressure. In the computation I have considered that each

jacket condensed an equal amount of steam ; whether this is

the exact fact or not will not materially affect the result. Com-
putation by product of surface and difference of mean tempera-

tures indicates less than 20< for the low cylinder."^

For the computation, let y equal the weight of steam con-

densed in any one jacket, so that 5 y equals the total weight

of jacket steam. Let x equal the weight of steam discharged

from the surface condenser.

* If we compute the per cent, of jacket-water as proportional to the product of

heating surface exposed and mean difference of temperature, we will obtain the

following results

:

Heating Surface.
A.

DiflE. Mean
Temp. B.

Product.
A and B.

Per cent. Jiicket-Water
10 eacli.

High pressure cylinders
Intermediate
Low

Sq. Ft.

45
88.7
158

30
9)

84

1350
8420

13272

1.9
11.9
18 8

Fir.st Receiver 283
205

70
135

19800
27680

Of^ 1

Second " 39 3

27



418 CONTEMPORARY ECONOMY OF THE STEAM-ENGINE.

Temperature of discharge from four jackets, 350° Fahr. ; from

low-pressure jacket, 280" Falir. Temperature of condensed

steam, lOS"" Fahr. Temperature of feed-water, 13(»° Fahr. Tem-
perature of lake water, 34° Fahr.

As the loss of heat by jacket-water equals the gain to the

condensed steam, we have

4^ (350 - 108) + y (280 - 108) = (130 - 108) a; +-~ (130 - 34)

968^ + 172^ = 22 a; +^
1140?/ = 22.96 X.

y = .0202x = 2,02,^ x

5y == 10.10^ X

5y + x= 110.10,^ X

5y _ 10.10

5y + X 110.10
= 9.16^,

which is the per cent, that the jacket-water should bear to the

total steam consumed by the engine, calculated by its heating

effect on the feed-water.

Professor Denton has computed the results for return-water

105.4, and feed-water 130. The results for that case should be

as follows

:

42/ (350 - 105.4) + y (280 - 105.4) - ^30 - 105.4) x

1153?/ = 24.6 X

y = 2.1dfox

5y — 10. 65^^ X

5y + x = 110MfcX
5y 10.65

5y + x 110.65
9.6'^.

If the feed water be taken as 132°, the per cent, of jacket-

water required would be 9.95. The above results can readily

be checked, and it will be seen that Professor Denton is in

error. The 105.4 is the result of poor proof-reading on my part,

due to the substitution of 5 for 8, but had there been no mis-

print Professor Denton would not liave been warranted in draw-

ing the conclusion stated in his discussion.

The computation made with tlie actual data is 'proof conclu-

sive that no matter what may be the percentage of the water
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condensed in the jackets in other engines, the results obtained

hv direct measurement vary but little from the truth. I am in-

clined to believe that, because of slight leakage of steam from

the jackets, the quantity given is large rather than small.

Professor Denton referred in liis oral discussion to the report,

with an insinuation that it is full of errors ; this, it seems to me,

is far from the truth, although he seems to have found all that

were made—and more. In the original report there were two

typographical errors, in one an s was replaced by a 5, in the

other a 7 by a 9, both of which escaped my observation, but

were made evident at once on comparing with original copy.

Only one of these appears in the paper by Dr. Thurston,

viz., the discharge from air-pump temperature, which should

read 108.4, instead of 105.4. The measurements from indica-

tor diagram, which Dr. Thurston did not publish, were all given

in the original report in absolute terms. The cut-off at bottom

end was given as 39.264, instead of 37.264. These in all cases

included clearance. The water 'rates from the diagrams are

subject to slight correction, because of this error.

I might say that the indicator diagrams were integrated with

a standardized planimeter, by three independent observers, and
in case of any disagreement the diagrams were carefully re-

integrated, and it does not seem probable that our error in

this work should exceed one-half of 1<. All computations were

checked, and the only errors yet discovered are typographical,

and are fully given above.

I wish to say one word regarding Mr. Ball's method of com-

bining indicator diagrams.

The diagrams shown in the paper were combined under my
supervision and as he describes.

In our educational work recently we have been comparing the

actual diagrams with a saturation curve that would have been
produced by the same weight of expanding steam. The abscissae

of this curve, compared with the actual expansion curve, meas-
ured in each case from the clearance line, give us the quality

of the steam at any point, and hence this construction becomes
of practical value. It would be desirable to have this curve a

continuous one, for the case of compound or triple expansion

engines. After a great deal of experience I have concluded
such a construction is practically impossible. By jogging the

clearance lines we can make the ends meet, but the curve is
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then mathematically cliscontinuous ; since the weight of steam

caught in the clearance spaces affects the expansion curve, and

this again is affected by the degree of compression. The

method actually used simply reconstructs the diagrams on the

same volume and pressure scales, and it makes no hypotheses,

but presents the case in accordance with the facts. I do not

see why an engine, if constructed with such bad proportions as

described by Mr. Ball, should have its diagrams transposed so

as to disguise those bad features and appear in as good form as

if from a well-designed engine. It appears to me, everything

considered, that the old and standard method is better.

Prof. B. H. Thurstoii.'^— Taking up Professor Peabody's com-

ments, he thinks it would be better not to make our computa-

tion of duty on a basis of assumed dry steam. Well, he can

take his choice. He will find computations made in the paper

on the bases of both dry and wet steam. He thinks it mislead-

ing to discuss the Carnot cycle, and remarks upon the obvious

fact that steam, working in the Carnot cycle, is not steam drawn

from the boiler, pound by pound, but steam in a cylinder, chang-

ing its condition from time to time by introduction and rejection

of heat. That, of course, is true. The figure stated is the number
of pounds of water circulating and of steam generated in the

unit of time in such a system. This figure is given in order that

we may compare the performance of the actual engine with that

of the most perfect possible ideal case, on a common basis, and

that basis a usually accepted and well-understood one. The

equivalent of such a cycle as we may actually employ, being

found in the representative Carnot cycle, the latter would

demand the heat-supply in the stated weight of steam generated.

If this work were done in the most perfect ideal machine, work-

ing in the Carnot cycle, the heat used, instead of being that

stored ordinarily in the 9j lbs. of steam of the ideal case of tlie

Piankine cycle, or the llii or 12 lbs. of the actual cycle, would

be the equivalent of that contained in about 8J lbs. of similar

steam.

The drawing shown as Professor Peabod3''s, representing the

fluctuation of energy in the engine, is one sent me by the

builders of the machine. I was, of course, glad to get all points

relating to its performance, and hoped that Professor Poabody

would do as he jDroposes—give us a discussion of tliat case.

* Autlior's Closure, uihUt tho iiules.
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Mr. Ball's debate interests me, but requires little commeut
The compouml diaijram given in the paper is that used in the

office of the builders of the engine, and lepresents the usual

method of combining diagrams. My own idea would be to

adopt a saturation expansion-curve, of constant weight, for refer-

ence, rather than any compression line ; in that case the cards

would be located, when the data permit, by adjusting the cut-off

point of the card by the curve of constant weight, by measuring

the volume of steam condensed at cut-off, which volume

measures the space between the curve of constant weight and

the cut-off' point of the card.

Mr. Rockvvood is inclined to criticise some points in regard

to method of test and other points that have nothing to do

with these tests. I will refer him to Professor Carpenter, who
answers whatever criticisms are made upon his methods. I

think that these results are substantially accurate. In fact, it is

easily seen that they are certainly so ; as the trial is a repeti-

tion of work already satisfactorily duplicated. A preliminary

trial was carried through by others, and the final work was in

this case performed after a certain amount of drill had been

had ; so that, having taken all usual and common-sense precau-

tions, such as every one adopts in such cases, and with skilled

experts assisting and checking the figures, the results reported

must be very exact, and substantially as here given. It is to

be observed that similar figures are obtained from other

engines, and by other engineers making similar tests of the

same style of engine ; all giving about 12 lbs. of steam j)er

H.P. per hour.

Some uncertainty is suggested as to the quantity of water

from the jackets. I do not think that uncertainty is very great

either as to quantity or as to effect, as we will see later.

Mr. Rockwood objects to what he calls my theory of the mul-

tiple-cylinder engine. I think it is the general theory, the

usual theory, of that engine ; it being, simply, that the waste of

any one cylinder in the series goes to supply the demand for

waste in the succeeding one ; and it is obvious that, the more
cylinders we can introduce, other things equal, the less the waste

by initial condensation. The more cylinders introduced, the

less the range of temperature in each cylinder, and, there-

fore, the less this condensation ; and if we can get so many in,

without otherwise inconveniencing ourselves, as to make that
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range insignificant, the waste would also become insignificant,-

and we could then turn our attention to those other sources of

waste—external loss by conduction and radiation, and the

friction of the machine, as the only serious wastes left to be

overcome.

In reference to the " Hirn analysis," it may be said that the

original cards on which it is based differ less than j\ of 1^ from

the mean of all taken on the trial. I consider them satisfac-

tory representative cards. There still remains, in any such case,

some uncertainty as to the quantity of steam—as measured on

the indicator cards—contained in either cylinder at the point

of cut-off. This uncertainty arises mainly from the fact that no

one can say precisely what shall be taken as the point of cut-off

for either cylinder. I have had different observers express their

judgment as to where the cut-off should be considered as occur-

ring, and find that computations based on their judgment of

this matter would give all the way from lOyV and 10 ^-,1 lbs.

of steam up to 10.^. The actual figure is probably exceedingly

near the figure given in this paper.

It is always difiicult to either contradict or to disprove mere

suggestions of possible error, and it would be absurd to attempt

it ; I may, perhaps, suggest that it is absurd to make such sug-

gestions here. The fact is that these trials have been very care-

fully and skillfully made ; the results are confirmed by the work

of other investigators ; and I have no doubt they will be accepted

the world over as exhibiting accurately about the best work that

man has yet been able to do with this class of engines.

Some criticism has been made on the introduction into this

paper of computations of the economy of ideal types of engine.

That is a matter of taste and judgment. My taste and judgment

lead me to employ them. AVhat is presented here of that kind

is not intended as an attempt at prophecy at all, but we want to

know what, in such cases, is the range still left the engineer for

further improvement. By making such computations we find in

this case that about 25^1^ of the lieat is wasted, even in the best

of our engines, and that the engineer still has an opportunity to

improve this best of contemporary machines to that extent.

The computation of the representative ideal case is fully ex-

])lained in the paper. The Rankinc cycle is accepted for the

jacketed engine for tlie purjjoses of these computations, which

means that our computation is made on the assumption that, in
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such an engine, the ideal jacket might be expected to supply the

heat required to keep the working steam in the dry and satu-

rated state. But it is also recognized that, when we have actually

built such an engine as this, the heat from the jacket may be

expected to be insufficient to do all the work, and that, in every

engine actually built or likely to be built, there still will be

found some additional waste. As I said in introducing the

paper, it was assumed that those wastes should be taken to

represent minimum quantities, each in its kind. These quanti-

ties were added to the original computation of wastes and steam

consumed, and the total is given as representing, thus computed,

a fair figure, representative of best modern work.
" Summing up the case," after reading carefully the revised

discussion and new matter coming in after adjournment of the

session, I have a word of comment to offer in relation to some
of the points discussed, and a few new facts to present in con-

firmation of the deductions made in the body of the paper.

Taking the criticisms in order of presentation :

Professor Peabody's suggestion, making the computation of

efficiency measured in steam consumed on the basis of wet steam

rather than dry, would only modify the results in this case by
about one-tenth of a pound per hour per I.H.P., but I prefer

the definite basis of dry steam consumption to the indefinite

basis of wet steam. If we are to compute duty on a basis of wet

steam used, we must still have an exactly defined and conven-

tional basis of comparison. The question would then be : how
wet should we take steam to be when establishing our funda-

mental unit of measurement ? I should prefer to take the wet-

ness as zero. This gives as definite a basis of comparison as

the universally accepted computation of evaporation, " from and

at the boiling point under atmospheric pressure." I accept no

variable standards that I can conveniently avoid. The absolute

standard of efficiency is the heat-supply in thermal units. This

is given in the paper ; although the weights of steam and of fuel

are also given, for the benefit of those who prefer them. I have

no inclination to force my ideas of standards upon my friends or

the readers of my papers, and see no objection to giving them
their units as well as my own. The reason for stating similarly

the efficiency of the Carnot system is already given. The com-

parison of equivalents in the two cycles studied enables us to

obtain an intelligent idea of the relative efficiencies and wastes
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of the cycles in tlie ideal case, and to compare botli with the

real engine performance, in terms commonly used and well

understood by the average reader and practitioner. The

question regarding the nature of the cycle is answered already,

both in the body of the paper and in my discussion above.

My measure of the efficiency of the engine is precisely his,

the ratio of the thermal equivalent of work performed to the

quantity of heat demanded of the boiler for its performance. It

is here so taken. The correct figure is 0.194 for the trial, and

the proofs are so corrected. The figure for the engine as

customarily operated, with feed 33' Fahr. warmer than at the

42 42
trial, is 211 B. T. U., instead of 217.6, and efficiency -^rv = 0.'20.

The remark about the diagram of stored energy simply repeats

the text of the paper directly opposite : "It should, however, be

remembered that our formulas are only known to be sensibly

accurate for a comparatively low range of pressure and tempera-

ture, and the curves at hitherto unattained points may take

quite difi'erent paths."

Mr. Rockwood assumes that I have endeavored to make the paper

presented by me " proof of the correctness of his [my] previously

published ' Philosophy of the Multiple-Cylinder Engine.' " *

He is entirely mistaken. I had no suspicion of the necessity of

any such vindication. His criticisms of the trial, as shown by

Professor Carpenter, as well as by the paper itself, are also

mainly based upon " the unscientific use of the imagination."

The engine reported upon does not " exceed in economy by at

least lOfr all other engines of its tyj^e." At least a half-dozen

trials of several engines of this type, built by the same mak-

ers, have approximated 12 lbs. steam consumption. The paper

gives the figures for earlier trials of this engine and later trials

of the Chicago engines, which are older and of a less perfect con-

struction. This engine happens to excel in a reduced clearance

and other details, and to have more efi'ective jackets. Whatever

might be " expected," the facts are shown by the trials. Mr.

Rockwood's computations (3) seem to me incomprehensible and

absurd. If correctly made, they might result in a balanced ac-

count, giving zero in j^lace of 0.148. They prove neither the

point attempted to be made by him nor anything else.

* Trans. A. 6'. M. E., Vol. XI ; No. CCCLXII.
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His records of his engine trial would be more interesting and

valuable if they gave us an accurate measure of the efficiency of

the engine. Complicated as they are, Avith boiler efficiency, his

figures for economy are no gauge of the efficiency of the engine.

His machines evidently do good work ; but I think his idea of

substitution of a steam-chamber for the intermediate working

cylinder is not to be taken as explaining that good work. His

theory is entirely false, in my opinion. The only effect of his

intermediate reservoir—and such reservoirs are used now, in all

engines of the highest class, between each pair of cylinders in

series, whether two or three—is to secure some drying of moist

steam, and the effective drainage of superfluous water. It has

no thermo-dynamic value. His work is good ; but I consider his

theories mere theories, and with no basis in fact or reason-

ing.

In one point he is perfectly right. The atmosphere of Mil-

waukee is peculiar ; it is an atmosphere of genius ; and we
should all be glad, I am sure, to have just as large an admixture

of that atmosphere here as possible. It should be appreciated

here, if anywhere.

Mr. Scheffler has evidently not read the paper which he at-

tempts to criticise. Had he read page 348, as printed, he would

have found a paragraph reading thus :

" It will be noted that heating the feed-water entering the

boiler, decreasing the range of temperature between that of

water supply and that of steam delivery, decreases the maximum
thermo-dynamic efficiency of the corresponding Carnot cycle,

reduces the quantity of heat stored in the unit mass, and in-

creases both the weight of steam storiag unity of heat and the

quantity of steam of which the energy thus stored corresponds

to the measure of a horse-power. The actual gain by heating

feed-water comes of the defect in the operation of the steam-

engine cycle, resulting in failure to raise the fluid from minimum
to maximum temperature by compression in the working cyl-

inder, and compelling the supply, at the boiler, of heat equiva-

lent to this waste, together with that additional quantity

needed to raise the water from the temperature of its source to

the minimum limit of the engine cycle. Where this can be ob-

tained from otherwise wasted heat, the saving may prove very im-

portant. In this case, the lower limit is fixed by extra thermo-

dynamic conditions, and, at the boiler, is always below that
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at the engine cylinder, and its variations determine correspond-

ing variations of the quantity and cost of the heat supply.'"

The most elementary knowledge of thermo-dynamics teaches

that, as explained in the paper with ample minuteness, the nar-

rower the range of temperature in the Carnot cycle the lower

its efficiency, and the larger the weight of steam required to store

a given amount of energy. It ivould be advantageous, if it were
practicable; to expand down to a minimum "at 32' or even

to zero," or to zero absolute. He is probably misled by tak-

ing the term "feed-water temperature," not as intended, as the

temperature of the feed of the parallel common cycle, but as

that of a Carnot cycle, of which it simply represents the lower

limit of temperature. In the Carnot cycle, the water is always

brought, by mechanical compression, fully up to the final temper-

ature of the steam, and only the latent heat of vaporization is

demanded in "making steam."

Mr. Scheffler finds no hint of this feature of the paper in its

title, " which is very exact in its meaning" as he says. He failed

to read the title which he commends. It is " On the Maximum
Contemporary Economy of the High-Pressure Multiple Expan-

sion Engine ; with a Comparison of its Efficiency with that of its

Ideal Representative under Similar External Conditions." Its

principal purpose, in fact, was to exhibit the last-described com-

parison, and to show, as well as might be, the range left for the

further improvement of the best of existing steam-engines, and

the nature and magnitude of the wastes still to be extinguished

by the inventor and the engineer.

Mr. Kent is probably right about the volatile matter in the

coal, as found by analysis ; and I have substituted in the proof

the figures for common varieties of that coal, as previously

reported. As to engine speed, that is a matter for the de-

signer to explain ; but I presume he desired to secure perfect

action of pumps, as this is more important than higher engine

speed, where the machine is well jacketed. However, the

designer is the most thoroughly posted man in the country, if

we judge him by his work, and no doubt knew precisely wliat

he was about in settling that matter. The fact obviously is that

his engine gives higher economy at its " slow speed " than do

the best of other engines at their higher speeds. But it had

not occurred to me that it has a low speed for a pumping

engine. Many are slower.
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Professor Denton finds no way of accounting for the superior

efficiency of this engine. This is to be regretted ; but, as we

have the facts before us, both as to this and to other engines of

very nearly equal economy, that is a matter of less consequence.

It is, however, in my opinion, very easy to see the main reasons

of its remarkable performance. It is the latest and most refined

of the design-^ of one of the most skillful designers in the world
;

its clearances are reduced to a small fraction of those usually

found in such engines ; special attention is given to securing low

fi-iction and perfect tightness of piston, valves, and, especially,

against air-leaks into the condenser ; the engines are under

peculiarly good management ; and every known refinement in

design, construction, and management conspires to make its

work exceptional. Probably the small clearance and port-

spaces are a principal element.

This critic is entirely mistaken in supposing that, as he says,

" the theoretical steam consumed in the jackets " is omitted in

my comjDutation. The computation is made by calculating, by
the Eankine method, the work done in the engine, and the total

heat demanded to siijDply the required steam from the boiler,

and to transfer heat to it through the jackets while expanding

;

the ratio of the former to the latter quantity, whether taken for'

unit weight of total or of working steam, being the measure of

the "efficiency." The quantity of steam required per horse-

power per hour, for efficienc}' unity, is then computed, and the

quotient of this figure by the above computed actual efficiency

gives the total steam of both Avorking charge and jacket ; assum-

ing that the jacket-water drains into the feed, and that it costs

as much to make jacket steam as to make that supplied to the

cylinder directly. The difterence between this total quantity of

steam and that computed by the method of Eankine, which
measures the steam entering the cylinder only, is about 10^.' of

the former.

The doubt expressed as to the reported measure of the jacket-

water is shown by Professor Carpenter, and ample expert testi-

mony, to be without the slightest foundation. No one can, I

think, reasonably doubt the substantial accuracy of the reported

figures. The superior action of the jacket is easily accounted

for, as just stated, by the comparatively small areas of those

surfaces of clearance spaces upon which the major part of the

cylinder condensation occurs, reducing correspondingly the



428 CONTEMPORARY ECONOMY OF THE STEAM-ENGINE.

work required of the jackets ; by the completeness of jacketing

of heads as well as sides—the former being well known to be

vastly more important than the latter, though so generally neg-

lected ; and by inherent jacket efficiency.

Professor Carpenter's discussion will probably relieve the

doubts of any members who may still feel anxious lest some of

the erroneous assumptions which have been presented may have

a basis of fact. " To make assurance doubly sure," I append

the certificates and written comments of those who were offi-

cially representative at these trials, of the city of Milwaukee, of

the builders of the engine, and of the firm of B. W. Hunt &
Co., consulting engineers making a specialty, in one depart-

ment, of this class of work in investigation.

This matter is of such importance to the engineer and to the

country, and has attracted so much attention at home and

abroad, that it is possible that a few additional facts bearing

upon it may prove of sufficient interest to justify their presenta-

tion for this purpose, as well as in reply to correspondents ask-

ing further information.

The question has arisen whether it is probable that a jacket

can save much more steam than it itself uses. Professor Ewing,

in his grand contribution to the Unci/clojxedia Britannica on the

steam-engine, says :
" When a jacket is working properly it uses

in a single cylinder 4:^b or b<c, and in a compound engine 8fc to Vl^^,

of the whole steam supply." Compiling the results of experi-

ments reported to the B.I.M.E., wherever containing the needed

data, I find that tlie average of sixty c((ses, with single engines,

gives 4^ or 5'i of steam used in the jackets, with tlie result of

saving net about 15;^c. The compound engines, similarly, average

an expenditure of li'Kc in the jackets, saving two and a half times

that amount at the boiler. Some of Mair's experiments show a

saving of four to five times the jacket steam at ratios of expan-

sion ranging from three to six. Cases in the list just quoted

give ratios of six, seven, and eight to one, and none justify the

assertion made by some one that it is questionable whether the

jacket can save much more than it uses, in any case. The ratio

is less as the engine is more complex, compounds giving a

smaller ratio than simple, and triple engines lower than com-

pounds, the opportunity for saving being less ; but all, in the

average use of the jacket, give handsome returns, and a saving

which is a multiple of the expenditure in the jacket. Professor



CONTEMPORARY ECONOMY OF THE STEAM-ENGINE 429

Alden's little compound expends 6^ in the jacket and saves IS/'o

at 290 revolutions per minute.

It lias been supjgested that the reported 9.25'^ jacket condensa-

tion of the Milwaukee engine is probably an error, on the basis

of the asserted fact that it is about one-half that of other engines

of similar class. This conclusion is quite erroneous. This

engine uses about the same jacket steam as other engines of the

same style and size, for which about 10^^ is usual. To base a

charge of error on this figure would be vastly less reasonable

than to say, for instance, that the Pawtucket engine, a compound,

presumably like others effectively jacketed, should use 10^,

while reported as the result of measurement to use but 5fo.

The jackets may be comparatively useless, but there is no reason

for suspecting error of measurement. Leavitt & Henthorn's test

of the Xarragansett Electric Lighting Company's engine gives

14.o3'f, including lA'i- of its own weight of water, a net 13^.

The Plymouth Cordage Company's engine gave 10.24^ ; the Nam-
quit Mills engine takes 11^ into its jackets ; the Laketon engine

uses lo^c ; Mr. Leavitt's compounds, " Frontenac " and " Su-

perior," are reported to me by their designer as using 7fc when
demanding 14.4 lbs. of steam per horse-power per hour under a

wastefully light load. The Gaskill reports, as published, give :

at Philadelphia, 9.15^^ ; at Chestnut Hill, 13^ and 16f? ; at Lake,

10.32 >'
; at Schenectady, 5.2^c ; and at Kalamazoo, 11.36''i^, in trials

made by Messrs. Codman, Barrus, Williams, Gifford, and Cooley,

respectively. Mr. Bryan reports by letter for the new triple-

expansion engine of the East London Water Works at Lea
Bridge, 12.28'^ used in jackets, with a consumption of 13.28 lbs.

of steam. Buel's report on the Lawrence engine gave 9fc jacket

steam, and many other cases might be quoted. The fact is, that

a low figure may indicate either, as j)robably in this case, high

efficiency of jacket on reduced areas of condensing cylinder-wall,

or low efficiency of jacket—or even, as in the Isherwood trial of

the Brooklyn engine, or in that of the Pawtucket engine, com-

paratively useless jacketing. The sixty cases above mentioned

include all the way from below 1:^ to above 20"?^ of steam used in

jackets, the proportion varying with every possible variation of

conditions of operation, or of design of engine and of jacket I

have even known a superficial coating of grease, too thin to be

measurable, to intercept lOv' of the flow of heat across the sur-

face of the metal. I imagine that the condition of the surfaces
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of the cylinder-wall under the jacket, external and internal, may
often determine either a high efficiency, or total inefficiency, of

the jacket.

It is especially interesting and convincing to note that when

the three trials of this engine, and the trials of the three similar

Chicago engines, are collated, the figure for steam per horse-

power per hour being corrected, in each, for moisture in the

steam, they all give very nearly the same remarkable figure

—

less than 12 lbs. Our figure for the Sibley College trial of the

Milwaukee engine is 11.678 ; that for the check-test is the same,

within limits of minutest error ; that for the contractor's trial

of the same engine is 11.91 ; that for the Chicago engines—^/br

tJie three together—is 11.94. The last trials were of forty-eight

hours', the others of twenty-four hours', duration. The results

coincide with practical identity. The differences are well

within usual limits of error of the most skillful observation and

computation.

The appended letters from the officers of the Water-supply

Department of the city of Milwaukee may aid in removing any

doubt, should any still stand, upon the guesses and hypotheses

of error constituting the " criticisms " offered. As Mr. Benzen-

berg says :
" There can be no question as to the accuracy and

care taken in getting at all the true data and facts" during that

trial. Chief Engineer McMillan certifies that he was in the

engine-room throughout the whole twenty-four hours of the trial,

and that, as to a possibility of error of water-measurement, imag-

inatively described in these " criticisms, " "to any one familiar

with the situation and the care taken, an error in that direction

hardly appears possible." The water measured was that fed to

the boilers, and no other. And no water could get to the boilers

unmeasured. Mr. Lewis, of the Allis Company, certifies the

same fact ; as do Messrs. Printz and Cox, tlieir official repre-

sentatives as observers. The representative of R. W. Hunt k Co.

asserts the results to be accurate within a fraction of \';'o ; they

are " as near correct as is possible." Mr. Edwin Reynolds's letter

for the Allis Company, a statement confirmed by Mr. Irving

Reynolds to the writer, states the case sharply and justly. The
action of the firm in reference to the St. Louis contract is,

perhaps, to many minds, likely to be the most convincing evi-

dence of the correctness of statement in the body of the paper.

This discussion has, in the main, been based upon " side-
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issues," and upon hypothetical defects of trial or report ; but it

is, after all, a pleasure to see, as a result, some valuable addi-

tional facts brought out ; even though the interest attaching to

debate may, in some respects, be psychological rather than pro-

fessional. I confess to a little disappointment in finding so

little direct coutributive material 23resented by those who are

experienced in the design, the construction, or the operation of

this class of machinery ; although private correspondence has

brought much information of real value to me individually. I

hope that v,e may secure much valuable matter from them, later.

These side-issues tend to divert attention from the principal,

the essentially important, points brought up by this peculiar-

ly remarkable success in the perfecting of the modern steam-

engine ; which advance is a matter of vital interest to the Soci-

ety, to the profession, to the country, and to the whole human
race. We should, I think, after the completion of the ungrate-

ful task of fault-seeking, finally congratulate ourselves that we
have among us so talented a designer, such admirable builders,

and such enterprising buyers of these high-class engines, and
that we are thus enabled to secure such approximation as is

here indicated of the real to the ideal thermo-dynamic engine. I

am confident that every one will desire to extend congratulations

to these colleagues, who have done so much and such good work
and who have " set the stakes " so far ahead, as an example and
a challenge to the whole world of engineering.

The stimulus thus given to competition among the greatest

designers and builders must inevitably result in further advance-

ment throughout the world. We will indulge the hojje that

our colleagues and our country may retain the lead which they

now unquestionably hold, and that, hereafter, we may receive

from them many still better reports of still better work done in

approximating the efficiency of the real engine to that " of the

ideal representative under similar external conditions," as well as

of success in raising the figure for the representative ideal case.
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APPENDIX E.

Milwaukee, January 17, 1894.

Pkof. R. H. Thttrston, Cornell University, Ithaca, N. Y.

Dear Sir

:

—lu reply to your favor of the 11th instant, I herewith inclose you a

statement from Mr. Thomas McMillan, chief engineer in charge of the pumping
stations, with reference to the accuracy of the method emjjloyed in measuring

the water fed to the boilers during the trial of the 18,000, 000-gallous pumping
engine at our North Point Pumping Station.

There can be no question as to the accuracy and care taken in getting at all the

true data and facts during that test run. The engine and boilers were run by

our own men, and the utmost pains were taken by all observers to note the per-

formance of the different parts of the engine and boilers with the greatest pos-

sible accuracy.

Should you wish any further corroboration of the statements, please let me
know, and I will try and obtain it for you.

Yours truly,

G. H. 13ENZENBERG,

Citt/ Engineer.

North Point Pumping Station, January 15, 1894.

Mr. G. H. Benzenberg, City Engineer.

Dear Sir :—I have carefully read Professor Thurston's letter as to the possi-

bility of an error in the records of water evaporated during the test referred

to. To any one familiar with the situation and the care taken, an error in that

direction hardly appears possible. During the test, engines No. 2 and No. 4

were running. No. 2 engine was supplied with steam from the south boil-

ers, at 50 lbs. pressure, while No. 4, the engine which was being tested,

was supplied with steam from the north boilers at 125 lbs. pressure, so that

it was impossible that water could flow from below into the higher press-

ure. In ordinary rtinning the suction pipe of the feed-pumps is connected

to the hot well, but during the test this pipe was connected directly with two

barrels which were connected with each other, and placed at a lower level than

the measuring tanks. All the water measured passed directly into these barrels,

and no more water could get into them than that which pas.«ed through the

measuring tanks. At the measuring tanks two observers were stationed, one

representing tlie E. P. Allis ("omi)any, and the other being one of the gentlemen

from Cornell University, with one of onr men to o])t'rate the valves for filling

and emptying the barrtds. Each of these ke])t his own inde])endent record of

the water supplied to the boilers, so that an error of the log could be immediately

detected. Professor Carpenter clearly explains the position of the tanks in his

report. Upon a very careful examination a small leak was found in the blow-

off i)ipe, previous to the test, but this pipe was disconnected and plugged. I re-
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luained at the eugine-room watcliing all the observers and their methods of keep-

ing the records during the entire twenty-four hours of the test, and I have no

reason whatever to doubt the accuracy of the logs kept.

Respectfully submitted,

Thomas McMillan,

Chief Engineer Pumping Stations.

January 15, 1894.

Having represented The Edward P. Allis Company at Professor Carpenter's

test of the Milwaukee pumping engine. March 25 and 26, 1893. I hereby certify

that the feed-pump which supplied the boilers during this test had no suction

connection other than that attached to the barrels in which the feed-water was

measured, and that there was no steam or water pressure about the plant higher

than 65 lbs., excepting on boilers supplying steam for the test, consequently

there could have been no water supplied to the said boilers by leakage or other-

wise beyond the amount measured in the barrels attached to the feed-pump.

.Jno. H. Lewis.

January 15, 1894.

We, the undersigned, having been present during Professor Carpenter's test

of the Milwaukee pumping engine, do hereby certify that we kept tally sheets

independent of those kept by Professor Carpenter's assistants, showing the

amouni of water fed to the boilers, and the weight of coal burned, and that the

figures for water and coal consumption given in Professor Carpenter's report of

the test are in accordance with our tally sheets, and are, to tiie best of our

knowledge and belief, correct.

Carl J. Printz,

James L. Cox.

Chicago, III., January 17, 1894.

Dr. R. H. Thurston, Sibley College,

Cornell University, Ithaca, N. Y.

Dear Sir

:

—Yours of January 11 is at hand, and some points in it make it

seem desirable that we should go to some length to emphasize certain points

regarding the test of the Milwaukee engine. It would seem that there is quite a

f«-eling that tbe figures shown by Professor Carpenter's test are not correct, but

why the figures should be questioned by any fair-minded engineer who has read

tlie report carefully I am unable to understand. Of course, it is easy to say "I
don't believe it," but if one has read the details of the report carefully, he could

hardly make the ."statement without questioning the honesty of those making the

test, and this is something no one would be warranted in doing without having

some proof or reasonable argument in support of his contention.

In th<H first place, the official te?t of the engine had taken place several months
before, so that, as far as The Edward P. Allis Company was concerned, they had
nothing at stake, and no hope of compensation for any higher duty shown.

As explained in Professor Carpenter's report, the test was made partially to

afford the students practical work in testing a high-class engine, and certainly

there could have been uo incentive but to show the facts in the case. At the

28
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time tlie test was made the engine was running at its usual speed, and under

everyday working conditions, and no special preparations were made for the

test, excepting to take such precautions as to insure absolute accuracy in the

results obtained. The engine and boilers were operated by the regular crews

employed by the city, and were under the direction of Mr. Thomas McMillan,

chief engineer in charge of all the city pumping stations, and Mr. Hamilton,

chief engineer in charge of the North Point Station. The Edward P. Allis

Company furnished a set of observers to keep duplicate tally sheets of water fed

to boilers, coal burned, gauge readings, etc., simply to insure the correctness of

the records by comparing them with those of the Cornell observers.

As to the amount of water fed to the boilers, and the evaporation, we would

say that during the test the boilers were fed by a pump driven from one of the

main pump plungers, wliich feed-pump ordinarily takes its supply from the hot

well on the overflow pipe of the air-pump ; but during this test the suction pipe

from the hot well to the feed-pump was disconnected, and the only suction con-

nection for the feed-pump was that attached to the supply barrels, the water in

these all having to pass through the measuring barrels.

Now, as to leakage, at the time fif the test one of the old compound engines

was in operation, taking its steam from the old boilers, located under the boiler

house at the opposite end of tlie building, the pressure on these boilers being

about 60 lbs. per square inch ; and as this was the highest steam pressure about

the building, excepting that on the boilers under test (125 lbs.), there could have

been no steam leak into the steam-pipe or boilers of the engine under te.st. The

highest water pressure about the building was that on the city mains (about 65

lbs.), so that 710 water could have leaked into the boilers from any source.

To condense the above : There was no steam or water pressure about the

plant equal to more than one-half the pressure on the boilers under test, con-

sequently there could have been no leakage into the system under test.

Regarding the evaporation, your mention of the Boston correspondent's doubt

leads us to infer that the amount of water evaporated per pound of coal is con.

sidered too small, or, in other words, the amount of coal burned would indicate

that more water might have been evaporated than was shown by the records.

As Professor Carpenter's test was to be an efficiency test of the engine, only, no

special effort was made to obtain the highest possible boiler efficiency, and the

amount of coal burned per square foot of grate (about 7 lbs.), and the water

evaporated per square foot of lieating surface (1| lbs.), show that more boilers

were in use than were required, and it is a fact that these four boilers burn at

least 50^; more coal and generate 50r^ more steam when required to ojterate a 13,-

000.000-gallon compound engine in addition to supplying steam to the 18,000,000-

gallon triple. With four boilers supplying steam only to the triple engine, the

grate surface should have been reduced in order to obtain tlie best results from

the coal, but owing to the; fact that these boilers have to do considerably more

work at times, it is desirable that the grate area remain as it is. The evapora-

tion shown, however (10.88;; from and at 212" per pound of combustible), is not

far from the average evaporation shown in Mr. George II. Barruss boiler testa

for i)lain horizontal tubular boilers with Cumberland bituminous coal. The

evaporation, however, would have been 11.41;;; from and at 212' per pound of

combustible, had firemen B and C (who were not familiar with the coal) been as

Bkillful as fireman A ; and as the duty per 1.000 lbs. of feed-water was the same

during the watches of all three firemen, it is evident that the greater amount of
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conl burnt'd during B and C's watches was entirely due to their handling of the

fires. Tlie boilers are of the ordinary horizontal tubular type, with comtnon

biick settings, and no feed-water heater or economizer is in use ; and with

lK»ilers of this type wo find it dilficult to get an evaporation of more than 9 lbs.

of water per pound of coal under actual every-day conditions, and cannot under

any conditions approach the high evaporation claimed for certain types of inter-

nally fired boilers, which boilers your Boston critic may have in mind when he

questions the evaporation at Milwaukee. As confirming Milwaukee test, the

test of the three similar engines in Chicago may be taken, and as this test was
by another party of experts, who were employed by the city of Chicago to deter-

mine only whether the contract duty had been attained, we see no reason why
their figures should be questioned. The duty per 1,000 lbs. of feed-water

was 148,955,000 foot-lbs., and tlie duty per 1,000 lbs. of dry steam was above

151,000,000 foot-lbs., the figures being the average for three engines during a

continuous 48-hour test. The dry steam per I, H. P. was 11.97 lbs., being an

average for the three engines. The boilers at Chicago are also of the ordin.ary

horizontal tubular type, but are fitted with down-draught smoke-consuming

furnace.-, and the evaporation ])er pound of combustible, with feed-water 212°,

w.ns 9.9 lb.*, against 10. 7G lbs. at Milwaukee. As far as the steam per I. H. P. is

C'^ncerned. there are many reasons why the Chicago performance should not

equal that of the Milwaukee engine.

Fir.^t. The Chicago engines were designed more than two years before the

Milwaukee engine, and did not represent our latest practice.

Second. The clearance in the low-pressure cylinder at Chicago is 2.51^,

against I of one per cent, clearance in the low-pressure cylinder of the Milwaukee
engine.

Third. The piston speed of the Chicago engines is 162 feet per minute,

against 203 feet piston speed with the Milwaukee engine.

Fourth. The Chicago engines are supplied with steam at 120 lbs. per square

inch, while the Milwaukee engine is supplied with steam at 125 lbs. per

square inch.

While some of these differences have, perhaps, but little influence on the

results, they all point in the direction of better economy with the Milwaukee
engine.

As far as I can see, the methods employed in determining the amount of steam

used, etc., at Milwaukee were of the simplest and most direct kind, and as little

liable to error as any system that could have been used.

That we have entire faith in the performance of this type of engine is shown
by the fact that we have recently contracted to furnish two engines, in general

design like the Milwaukee machine, for the city of St. Louis, Mo., at a very low

price (^23,000 below the lowest other bidder), relying on the bonus offered ($1,000

per 1,000,000 for all duty above 125,000,000) to bring the price of the engines up
to the figures at which they would ordinarily be sold, and we must get at least

140,000,000 duty in order to do this, and we fully expect to get 150,000,000 duty

on the test.

Simply because the record is higher than has heretofore been shown, should

not \>n considered reason for discrediting the figures, and perhaps, after Mr.

Leavitt's new engine, now building for the Chestnut Hill Station, Boston, has

made the record that is expected of it and that it should make, less doubt will

be expressed regarding the developing of the I. H. P. for 11.68 lbs. of dry steam.
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The Milwaukee engine ran, duriug the year 1893, 8,400 hours al full speed, or

an average of 23 hours per day for 365 days, which would seem to show that high

duty can be secured without sacrificing reliability. We should be glad to see the

proof sheets of your amended paper, before it finally goes to press, if you can con-

veniently send them to us, and in the meantime should lie glad to furnish you any

information at our command.

Yours truly,

The Edward P. Allis Company,
By Edwin Reynolds, Supt.

The Egbert W. Hunt & Co. Bureau of Inspection and Tests.

Chicago, III., January 26, 1894.

Prof. R. H. Thurston, Ithaca, N. Y.

My dear Sir

:

—In reply to your inquiry of January 11, concerning the accuracy

of the "water consumption " during the test of the Milwaukee pumping engine,

we would say that our Mr, McMynn was present at the trial, from 6 o'clock,

p. M., March 25, 1893, until the end of the trial. He says that as far as he saw

everything was accurate, and the method of testing was the most approved.

As far as he could see all the readings were checked, and he says that he has

no doubt that the results are correct within Ij?. Of course you will understand

that we cannot furnish a statement certifying to the absolute accuracy of the test,

since our representative was present only at the invitation of Professor Carpenter ;

but we have no doubt in saying that the results are as near correct as possible,

since they correspond closely with tests which we have made on a similar engine.

I remain, yours truly,

Robert W. Hunt.



O
Ph

a

O



438 DETERMINATION OF THE EFFECT OF WATER IN STEAM.

DLXXIII.*

EXPERIMENTAL DETERMINATIOX OF THE EFFECT
OF WATER IN STEAM ON THE ECONOMY OF THE
STEAM ENGINE.

BY R. C. CARPENTER, ITHACA, N. T.

(Member of the Society),

AND L. S. MARKS

(Fellow of Sibley College).

The following experiment was performed by L. S. Marks,

B.S., graduate of Mason's College, England, a graduate student

in Sibley College, and by H. H. Tracy, M.E., graduate of Cornell

University. The experiment was undertaken for the purpose

of finding what effect on the economy of a plain slide valve

engine was produced by intro-

ducing, by condensation, large

quantities of water in the steam

supplied the engine. This was
accomplished by surrounding

that portion of the steam pipe

wliicli had a vertical direction

with a jacket or vessel of gal-

vanized iron, Avitli a radius

about Ij inches greater than

tlie steam pipe. This vessel

was filled a greater or less distance with cold water, and acted

very efficiently to condense the steam in the main pipe. The

amount of steam condensed was practically proj)ortional to the

height of water maintained in this jacket, which wjis readily

regulated by valves on the water pipes supplying water, and on

the pipes leading from the jacket for discharge of water.

No difficulty was experienced in condensing by this method

* Presented at the New York Meeting (December, 1893) of the American

Society of Mechauical Engineers, and forming part of Volume XV. of the Trans-

actions.

COLLECTING NIPPLE FOR CALORIMETER

Fig. 109.
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any desired proportion of the steam, but considerable trouble

was caused when the problem of securing an average sample

for determination of quality in a calorimeter came up for solu-

FiG. 110.—Sample diagrams 40 Spring.

tion. After various trials, which consumed much time and

patience, a collecting nipple perforated with large holes was

screwed completely across the main steam-pipe, as shown in

Fig. ]09, somewhat beyond the water jacket. The collecting

nipple was horizontal, the main pipe vertical. A separating

calorimeter was used for determining the per cent, of moisture,

and gave results when in this position nearly proportional to

the height of water in the steam jacket, and, from some check

experiments made by comparison with the heat given to the
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jacket water, is believed to give results which are essentially

accurate.

The engine tested was a plain slide valve engine with throt-

tling governor, and fitted with an Alden brake for absorbing the

power. The dimensions were : Diameter, 6 inches ; length of

stroke, 8 inches ; clearance by measurement at head end, 13.05^,

at crank end, 12.51fo.

The brake load was maintained at such a point that the gov-

ernor was well open and had little or no throttling effect on

the steam. Sample cards taken with a 40 spring are shown in

Fig. 110, which were nearly constant in all the runs.

While the experiment consumed a great amount of time, it is

not considered necessary to take a great amount of space in

describing the details, save that we may mention that great care

was taken to secure accuracy in all the results.

The scheme of the experiment was in each case to maintain

all conditions, as nearly as possible, constant, except that relat-

ing to the quality of the steam.

The observations made were of engine speed, temperature of

exhaust and condensed steam, of injection and discharge water,

pressure of steam in steam chest and condenser, weight of con-

densed steam, and volume of condensing water.

No observations were made until all the conditions became

constant, in any case.

The following are the results of the test in tabular form

:

LOG OF TEST A. 27th MARCH.

t^
M Te.mpei ATUltE He.vd. CllANK.

p.^

ft

.£ =

o S
u 5

s

'A — o

V

3 5
.2 ^

to .

c
c5

1

2
^

10

W*
o M p fS-a S s (^ » ^

1 220 24.0 162 !I5 3(i 89.5 34 36

2 220 75 lfi2 il8.5 36 90.5 m.i 36.5

3 220 75 24.7 162 106 36.8 !)2.0 33.5 35.2 „
^4 214 75 24.5 102 102 86.5 91.3 35.7 ^.

5 218 76 22.7 l(i2 103.5 36.3 93.0 'r^ .33.4
•«< 34.8

215 7(i 23..

3

162 103.8 36.3 94.3 33.3 35.4

7 21« 76 1G2 104 36.

3

95.5 35.3 37.0
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CALORIMETER LOG.

No. of run.
Dunition Weight of ex- Weight of Radiation Quality Mean
of ruu. haust steam. water. loss. per cent.* quality.

1 10 min. 1.40 .3 .07 86.5
2 10 " 1.63 .285 .07 90.1

88.6JI.3 10 " 1.48 .287 .07 87.7
4 10 " 1.80 .3 .07 89.1

LOG OF TEST B. 27th MARCH.

Temperature. Head. Crank.

X -

- 2
Si

•a a C^ P^
B

> S s
BB

1

3 S gi

o
It

IJ
3

a)

a

cc >

1 210 75 2.S.1 170 109 36.5 99 3.5.8 37.1
2 218 80 23.1 170 109 .36.5 99.5 35.9 37.4
3 214 80 23.0 170 114 36.5 102.5 37.0 40.1 o
4 218 22.0 170 114 36.5 104 36.0 37.8
5 218 80 170 116.5 36.5 104 § 36.0 * 37.6 * CO

6 210 75 170 120.5 36.5 106.5 .35.0 38.1
7 73 19.3 170 120.5 36.5 104 35.0 37.4

CALORIMETER LOG.

No. of ran.
Duration Weight of ex- Weight of Radiation Quality Mean
of run. haust steam. water. loss. per cent. quality.

1 10 rain. 1.60 .435 .07 83.1
3 10 " 1.40 .420 .07 80.3

83.1^.
3 10 " 1.62 .395 .07 83.9
4 10 " 1.55 .424 .07 83.1

* The quality of .steam is obtained from tlie formula

1 - X^{W-R)-^{W+ 00)

Where X= quality of the steam,

W= weight of water,

CO = weight of exhaust steam,

M = weight of steam condensed by radiation from calorimeter, and
is found by experiment.
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LOG OF TEST C. 28th MARCH.

!-• i Temperature. Head. Crank.
PU

Si
.2 s "^5

a

0^
11
CM

.u
,0 . '- e Nl P^ Qh'

pa

13

a
II
>

"g
S.S

5
03

li 11a «
§"

.2 t<"

M

•g*

P ^1
si

W
a
0)

a

1

1 220 77 22.75 170 112 38 103.0 35.4 35.9
2 222 77 21.3 170 ' 121 38 107.5 35.2 37.0
3 214 79 20.3 172 121 38 110.5 35.4 .38.8

4 220 80 172 117 38 110.0 35.0 * 36.8 CT to

5 209 174 117 38 111.5 SB 34.8 37.3 «> ao

6 216 78 21.3 174 122 38 113.0 34.8 35.5

7 214 80 174 127 38 113.5 35.8 38.0

Meau quality of eteam, 77 per cent.

LOG OF TEST D. 28th MARCH.

ui m <i> Temperature. He AD. Crank.
A^

p.

II
a==
83

s

S «

a.s
3
3

<v
.a

a

li

T3
0) .

SS
0) C3

.2 <^

(5*

PU

pl;

w Ph' W
a

S

s

CC >

1 198 81 21 180 129 39 112 33.2 35.6
2 210 81 21 176 120 39 108 « 33.2 :».6

3 220 80 21.5 176 116.5 39.5 106.5 33.3
s?

36.9
£34 214 80 21 176 112 40 103 in 36.6 36.8

5 202 80 19 176 113.5 40 107.5 « 34.5 V 38.1 "i- 00

6 210 82 19 180 112 40.5 108 * 38.2 38.0

7 212 82 19 180 116 40.5 109.5 34.5 38.7

CALORIMETER LOG.

No. of nin.
Duration Weight of ex- Weight of Radiation Quality Mean
of ruu. liaust steam. water. loss. per cent. quality.

1 10 min. 1.50 .775 .07 69
2 10 " 1.75 .845 .07 70.1

68.6^.
3 10 " 1.:J5 .760 .07 60.8
4 10 " 1.50 .784 .07 68.

G



DETERMINATION OF THE EFFECT OF WATER IN STEAM. 443

LOG OF TEST E. 29th MARCH.

k.
X

1
Tkmpekatubes.

a
V
c

Head. Crank.
fi^

* ,J f"«
o a

E
3

•is
>

"5

99

s
3

Ie

o "
O

OS «
g?
O

.to

'S

a
a

1

Ph'

Oh

c
a

3
o

1 211 84 21.5 178 123.5 40.5 113.5 36.8 .39.2
•> 192 20.5 178 123.0 40.5 113.0 37.0 39.8
3 190 19. 186 132.5 40.5 118.0 36.8 O 40.3 in

4 196 86 19.0 186 133.5 39.5 119.0 37.2 eo 40.6 IN

5 1S4 18.5 186 134.5 39.5 120.0 o 36.5 m 40.5 <S< CO

6 204 20.0 186 128.0 39.5 '15.5 in 37.2 40.2
7 206 85 19.5 184 137.0 39.5 122.0 37.8 41.3

CALORIMETER LOG.

Number of
run.

Duration of
run.

Weight of ex-
haust steam.

Weight of
water.

Radiation
loss.

Quality
%

Mean
quality.

1

2
3
4

10 min.
10 "
10 "
10 "

1.45
1.55
1.37
1.47

1.187
1.182
1.125
1.130

.07

.07

.07

.07

57.5
59.3
57.7
59.3

58.4^

LOG OF TEST F. 14th APRIL.

'>.
C Temperaturi Head. Crank.

h
II

ft

1-

5

o 1

t= a
8§

Wig
e

2
= E

"1 Ms
p.;

a:
o i

>
W" S^ P ^-o S I-" ;3 h-i Eh

1 193 83 20 202 140 49 98
2 214 82 22 192 125 47 80 32 3.3.5

3 217 62 24 160 104 47 80 31.8 87.1
4 215 80 17 186 140 48 87 .o 31.2 CO 31.7 g ^
5 218 64 22 168 132 48 67 o 31.9 30.9
6 216 65 23 1.58 120 48 69 g 31.4 31.0
1 218 60 24 156 105 48 69 30.4 32.3
8 219 60 25 156 105 48 69 31.7 32.4

Water per hour, 263 lbs.

Quality of steam, 99.15.

Dry steam per I. H. P. per hour, 33.1 lbs.
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LOG OF TEST G. 18th APRIL.

a 3 Temperature Head. Crank.
<u u

5i
O K

a) 3

04

M
E
s

4)"
a O

es
4)

c —

5

a

5 ='

iP

"o OS
« >5'

(C

1

t/j >

1 216 60 25 150 100 4S 93 29 32.5

2 218 58 24.7 150 93 48 91 26 28.4

3 220 70 24.5 154 96 48 94 28.6 32.5

4
5

221
222

68
68

24.2
24.5

1.55

157
102
104

48
48

94
90

£ 29.5
31.2 g

33.8
34.8 g §

6 222 68 2.3.5 158 101 48 90 S 29.6 eo 35.8 w 00

7 220 68 24.5 157 101 48 90
c?

29.7 33.5

8 224 68 23.5 IGO 100 48 90 31.6 36 2

9 224 65 24.5 157 101 49 90 30.9 35.2

Water per hour, 267 lbs.

Quality of steam, 99.1.

Dry steam per I. H. P. per hour, 33.0.

The following table summarizes the results obtained from the

log:

Test.
Quality of H. P. devel-

Weight of mix-
ture of steam Weis:ht of dry

Dry steam per
H P and

steam. oped. and water per
hour.

steam per hour.
per hour.

A 88.6 8.35 325 288 34.49

B 82.1 8.52 869 303 35.56

G 77.0 8.68 387 298 34.33

D 68.6 8.35 433.5 297.4 35.61

E 58.4 8.55 510 298 34.83

F 99.15 7.86 263 260 33.1

99.1 8.02 267 265 33.0

From this table a curve coordinating consumption of dry

steam with quality of steam used has been plotted (Fig. Ill) and

shows that throughout the range of (luallties used the consummation

of dry steam per indicated horse-poioer and per hour remains prac-

tically constant, and would seem to indicate that, for the engine

under consideration, the water was an inert quantity, doing

neither good nor harm.

An attempt was made to apply Hirn's analysis to the experi-

ments described. It was found, however, that if the usual

assumption were made of dry steam filling the clearance space

large errors would be ])ro(luced in the result. These errors,

due to unknown quantities ol' moisture in the clearance spaces,

were su£&cient to make the entire application untrustworthy and
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of no valuo. The facts known regarding the exchanges of heat

from st*>am to metal wouki also seem to make the results of this

experiment appear reasonable, since it has been well established,

that the water in steam rapidly increases during admission, that

some evaporation occurs during expansion, but that at no time

during the steam-stroke is the quality of steam in the cylinder

equal to that in the main steam pipe ; in other words, even when
using dry steam, there is very much more condensation than

evaporation. This being the case, it is difficult to see how the

fis

© e
©

lUO 90

Quality of Steam % •

Fig. 111.

heat stored in any excessive amount of water can be utilized by
conversion into work.

The following discussion of the results by Mr. L. S. Marks
introduces several additional points of interest.

It is well known that with initially dry steam and unjacketed

cylinders, water is always present in the cylinder except at the

end of exhaust ; so that extra water, if present, could not be

evaporated till then, and hence its effect can only be to raise the

Lack-pressure line.

The quantity of heat in the entrained water remains un-

changed during admission ; during expansion some of it is given

up by conduction to the steam, and therefore raises the expan-
sion line. The same, however, occurs during the exhaust, rais-

ing the back-pressure line.
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The probable action of the heat in the entrained water is

this : during admission it does no work ; during expansion it

increases the store of heat available for conduction to the steam

and for evaporation of the water present. At the point of cut-

off the heat available for these purposes is the sum of that

stored in the cylinder walls and that in the water which is

present, and an increase of this quantity will therefore result in

raising the expansion line. This increase is maintained at the

point of release, and results in an increased evaporation dur-

ing exhaust, thus raising the back-pressure line also. For the

purpose of corroborating this, the pressures at release and at

beginning of compression and admission were measured on the

indicator diagrams and are given below.

HEAD. Crank.

A B C

2fi

9

49.5

D

25

9

46

E

29

:o

50

A

28

8

41

B C n E

23.5

7

40

26

7.5

45.5

31

9.5

46

32

9

48.5

32

10

48.5

33

Beginning of Corn-
12

Beginning of Ad-
49.5

As the admission pressure was nearly constant, these figures

support the theory advanced above ; they show that with de-

creasing quality of steam the pressures at the three points given

increase. Hence, in explanation of the constancy of the con-

sumption of dry steam, we are led to believe that the extra

work done by the heat of the entrained water during expansion

is sensibly equal to the extra negative work which it does dur-

ing exhaust and compression.

In conclusion, the authors believe that this investigation shows

that, for the class of engine under consideration, the heat car-

ried in by the entrained water performs no useful function,

and that a fair measure of the economy of an engine is the

consumption oldry and saturated steam.

It is also thought that while the expression of economy in

terms of B. T. U. per indicated horse-power will serve many

useful purposes, the older standard of steam consumption should

still bo maintained.
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DISCUSSION.

J//', ir. />. Leran.—I would like to ask the author, what

is dry steam ? I hear the words " dry steam " used.

Mr. Carpenter.—1 do uot kuow that I understand the in-

quiry. The term as used in the paper refers to dry and saturated

steam, the properties of which agree with those in steam tables.

Mr. Frank II. Ball.—I think the conclusions of this paper

are in the main reasonably correct, and I think they quite

agree with the result of experiments conducted by Professor

Denton, which, I believe, were reported to this Society ; in

which experiments he pumped into the steam pipe a known
quantity of water, and found the same result which is reported

in this paper. There is one point, however, which is not quite

clear to me. I can very easily see how, after the admission

valve closes, reevaporatiou may change the position of the

expansion curve ; but it is not quite clear to me that, after the

exhaust valve is opened to the atmosphere, any reevaporation of

water remaining in the cylinder could change the position of

the lower line of the diagram. In other words, it does not seem
possible to me that the capacity of the exhaust pipe could be

overtaxed by the passage through it of the steam which may
be evaporated from water remaining in the cylinder. I would
like to have Professor Carpenter explain that point.

Prof. D. S. Jacobus.—Mr. Ball is correct. Professor Denton's

experiments, which were presented in 1888 to the American
Association for the Advancement of Science, are to be found

in the report of their transactions for that year. The tests were

conducted by pumping a known weight of water into the steam

pipe. It was found that, when the cooling effect of the water

was allowed for, the dry steam per* hour per horse-power re-

mained unchanged.

Professor Carpenter said something about the peculiar action

of superheated steam. We have made experiments by admit-

ting hot water into the steam pipe of a compound engine where
the steam was superheated from 5

' to 20° Fahr. These experi-

ments were made on the Pawtucket Pumping Engine, and may
be found in the discussion of Mr. Kent's paper in Vol. XIII. of

the transactions. We found that with 17"^ of superheating the

weight of water per hour per horse-power was about l.\/^ less
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tlian with steam containing a small amount of moisture, so that

there was no remarkable action due to the superheating.

Mr. David L. Barnes.—I have read the experiment described

in Mr. Carpenter and Mr, Marks' paper, on the effect of water in

steam on the economy of the steam engine, with much interest,

and I think the conclusions reached are correct for the appara-

tus used. It should be remembered, however, that this engine

was a very small one, and that while in the most extreme case

there was about 42''c of water in the steam entering the cylin-

ders, there was a further amount of water added before cut-off

by condensation, of nearly bO'/c of the steam which entered.

This I have learned by an examination of indicator cards (Fig.

110). The water per horse-power per hour measured from the

indicator cards is not far from 18, while the actual water rate

Avas 35 lbs. This experiment, therefore, proves mainly that,

under the conditions of a small engine with great initial cylin-

der condensation, a large amount of water entering with the

steam produces but little, if any, effect on the economy of the

engine. This migbtbe expected from the conditions, wdiich are

quite unusual. If the same exjDeriment was performed with a

larger engine, or with a compound engine, the resultant line

shown on diagram Fig. Ill would be materially different. There

is, in the engine tested, but little chance for reevaporation, and

little useful effect is produced by the heat in the water which

passed into the cylinders with the steam. With greater expan-

sion the heat in the water would be utilized to a greater extent,

and without charging u^^ the entering water to the engine, as is

the case with diagram Fig. Ill, the resultant line would incline

upward to the right, and the consumption of dry steam per

indicated liorse-power per hour would decrease as the per-

centage of water in the entering steam is increased. It is inter-

esting to note that the indicator cards in Fig. 110 have decid-

edly different characteristics. The one from the head end

shows condensation after cut-off, and little if any reevaporation

except at release, while the one from the crank end shows con-

siderable reevaporation during expansion. The compression

line on the card from the head end shows a considerable in-

crease in steam weight during compression, while on the card

from the crank end, the comj)ressioii line ap]iroximates closely

to the rectangular hyperbola. On both cards there is a vorj'

unusual change in the compression curve near the point of ad
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mission. It is a shape of diagram which I have never seen before

and do not understand. It may be that the indicator cord was

too long or there was some defect in the mechanism, but I do

not suppose this was the case. I am inclined to think it is

due to some unusual condition arising from the small size of

the engine. The conclusions of this pnper should not alter

the opinion, which I think many have held, that the consump-

tion of dry sfemn, entrained water not included, per indicated

horse-power per hour will be decreased when considerable

water pas.-ies into the cylinders with the steam ; but of course,

the efficiency of boilers and steam engines together is less some-

what in proportion to the per cent, of water entering with the

steam.

3Ir. Frederick A. Scheffler.—I would like to ask Professor Car-

penter if this engine had the valve especially made with the

eccentric accompanying it to give it the motion, as I see that

it was a plain slide valve engine with a throttling governor. I

have never seen an engine which had a throttling governor and
a plain slide valve on it show a card with such a short cut-o£f.

Ii. 11. Thurston.—The facts which have been so well exhibited

by the investigation which Professor Carpenter describes are, in

a general way, well known, and were familiar to engineers many
years ago. Combes, who as long ago as 1843 proved formally

what Carnot had indicated to be the probable fact, the thermo-

dynamic liquefaction of steam in adiabatic expansion, also

showed this now rediscovered fact to be true. As I have been

in the habit of stating in my lectures for years past

:

" Where the ratio of expansion is not great, the presence of

the entrained water in the steam may not produce any ill effect.

For the ideal case of the non-conducting cylinder, this was long-

ago shown to be true by Combes.^ This deduction was also

found to be correct in practice by Hirn. With large ratios of

expansion, and especially with jacketed engines, the opposite

is probably always true " t

It is easy to see that, in the pure thermo-dynamic case, the

action of water in the mass of working steam could have little

effect upon the economy of the operation of the engine. Its

effect would be to merely supply a small amount of additional

heat for partial utilization by conversion into work. The real

* Theorie Mecanique de la Chaleur, chap, xxxv., p. 157.

\ Mnnunl of the Steam-Engine, Vol. I., chap, v., p. 524.

29
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question which interests us, from the point of view of the prac-

titioner, is : What variation will the presence of water in vary-

ing amounts produce in the magnitudes of the internal wastes ?

This can only be settled by such experiments as these. Where
the steam enters moist or wet, if the expansion is considerable,

I can imagine its having a very observable effect, and especially

with jacketed engines, where the work of the jacket in drying

the steam, an essential to its real purpose of preventing initial

condensation, may thus be sensibly, perhaps sometimes greatl}',

increased, and an otherwise efficient jacket thus rendered inef-

fective. Every pound of water entering the cylinder and evapo-

rated by the jacket during expansion, and particularly during

exhaust, is a tax upon the economical value of the machine. It

is extremely desirable that this investigation be continued, and

with jacketed and high-expansion engines.

A serious difficulty which must, perhaps, always be met, and

which unquestionably gives uncertainty to all experimental

work thus far reported, rendering their conclusions entirely

unsatisfactory on that score, is the apparent impracticability of

insuring the mingling of the water present with the steam in

such manner as to produce a homogeneous mass ; such as prob-

ably comes over from the boiler when its steam is wet within

the usual limits of regular working, and until intermittent

" priming " begins. A stream of water introduced, as in some

experiments, into the steam-pipe, may pass as a solid stream

through the engine, and have little or no sensible effect in exag-

gerating either thermo-dyuamic or thermal wastes. Just what

difference, if any, this fact would make, no one can say without

investigation.

Prof. II. C. Carj^ente/'/'—In answer to several of tfie inquiries,

I would say, first, in regard to the engine, that it is one built

specially for experimental purposes. We have six sots of valves,

and we can vary the cut-off as desired by changing the valves.

This accounts for the early cut-off shown in the diagrams. In

every other respect it is a commercial engine. In regard to the

inquiries by Mr. Ball, I do not know that I am able to answer

them fully and satisfactorily. I can state the facts of tlie case;

the reasons will no doubt appear later. Two reasons, both sug-

gested in the paper, would account for a portion, if not all, of

* Author's Closure, under the Rules.
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the increase iu back pressure. These are reevaporation and in-

creased Avork on the back stroke ; the latter of which I consider

responsible for most of this increase. The water iu the steam,

when in such large quantities, has to be lifted out of the cylinder

In- the piston. This work is no doubt in all cases an appreci-

able quantity, and I can readily see how it might equal or exceed

any gain due to evaporation of water contained in the steam.

In the engine in question the valve is on the side of the cylinder,

the port openings are large, and the work done in removing the

water cannot be unusual. These are the only reasons that I

can give or offer for the increase in the back pressure; and

whether these are sufficient for a complete explanation, I am not

certain. All I can say is that the results given are simply

actual measurements of the diagrams taken. In regard to Mr.

Barnes's observations, what he says regarding application of

these results to engines of a different class is no doubt perfectly

true. He says that the case would be very different with a com-
pound engine. Now, I cannot see any reason for that assertion,

nor does he give any reason for his belief. I have made a great

many experiments where we have measured the heat losses in

compound engines from the beginning through, and, as a rule—

I

may say a universal rule for unjacketed engines, because I have

never known of any case to the contrary—the quality of steam

in the low-pressure cylinder has been less than in the high-

pressure cylinder. If we were to start with dry steam in the

high-pressure cylinder and work that steam to a lower pressure

through two cylinders, our resultant quality at the end of expan-

sion in the low-pressure cylinder would not be higher than if we
had worked it through the same temperature ranges only in

one cylinder. I am quite certain from a study of available

analyses of tests which have been made where the heat has been
measured in compound engines, that such a statement is true.

I do not see how it is possible for this reevaporation of steam

to do much useful work, when the resultant loss due to lifting

out the water is considered. It may be that under some cir-

cumstances the extra heat in the entrained water does do useful

work; but I cannot readily see how it is possible, especially if it

be greatly in excess. I may also say that I was pleased to learn

that the experiments made by Professor Denton showed the

same general results as stated here. I believe they were made
on the same general class of engine, and experimentally at least
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the question is still open as to the effect of water on the econ-

omy of compound or triple expansion engines.

The opinion expressed by Mr. Barnes, " that the heat taken

into the engine by entrained water might add to the store of

useful work in a compound engine," seems to be quite contrary

to that usually held by engineers respecting the effect of water

in steam. While it is not, perhaps, worth while to spend much
time in obtaining what is merely the expression of prevalent

opinion on this subject, yet no doubt it may be a matter of

interest, since on such a basis rests the principal part of the

discussion regarding the matter.

I will merely refer to one or two cases : Transactions A. S.

M. E., Vol. XII., page 655, report on test Triple Expansion

Engine, by E. D. Leavitt, Jr , and J. T. Henthorne ; also see

more complete report published by Edw. P. Allis & Co. After

a statement that the water had been deducted, the following

remark was made

:

" It is my opinion that 7.39^ of water in the steam with

which it is mixed would make a difference of at least 10?^ less

duty than would be performed with dry steam, or not less than

2^^ after subtracting the weight of water itself."

Mr. W. C. Kerr informed the writer that he had made an

extensive canvass of noted engineers regarding opinions held on

the subject, and in every case the expression was, that the en-

trained water had a detrimental effect on economy, in excess of

the correction for the weight. (See also his lecture before

Franklin Institute on " The Steam Loop.") In a recent editorial

in the Engineeiimj Record, the same expression is forcibly stated.

It is quite true that the experiments in this line cover a lim-

ited field in steam-engine practice, yet it is interesting to note

that the results of the experiments indicate that the effect of

water in the steam on the economy of the engine is a mean be-

tween opposing views said to be entertained respecting the

matter.

The following table gives some inform.ation regarding the

interchanges of heat, which it is believed will be of interest as

bearing on some of the points raised during the discussion.

The results were obtained by computations from measurements

taken during the test by Mr. L. S. Marks ; the computations serve

merely to show that the heat taken into the engine by the en-

trained water did not increase the useful work.

i
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Na^e of Test.

Qnality of steam enierinj: Per cent
(Jiiiility of steam at cnt-off

QuaUty of steam at release
Eutrained water enterint:

Entrained water at cut-off

Entrained water at release
Condensed during admission
Reevaporated during expansion
Steam condensed per revolution admission,

Lbs.
Steam reevaporated per revolution expansion.

Lbs.
Heat in one pound wet steam B. T. U.
Heat required per L H. P. (from 152°) per
minute B. T. U.

Ratio heat required per I. H. P
Heat j)rovided by entrained water. . .Per cent.

Heat per I. H. P. per minute in entrained
water B. T. U.

Heat per I. H. P. per minute less that in en-
trained water at admission B. T. U.

52.2
62.6
11.4
47.8
37.4
36.4
10.4

0.00905

0.00258
1,078

615
1.00
3.03

18.5

597

82.1
46.5
58.2
17.9
53.5
41.8
35.6
11.7

0.01018

0.00335
1,022

650
1.056
5.14

33.5

617

77.0
47.8
57.7
23.0
52.2
42.3
29.2
9.9

0.0085

0.00295
976

637
1.037
6.91

44.2

593

68.6
41.7
49.4
31.4
58.3
52.

G

26.9

0.0092

0.00196
903

678
1.10

10.2

69.0

609

E.

68.4
34.8
43.7
41.6
65.2
56.3
23.6
8.9

0.01005

0.00382
815

692
1.122

14.

101.0

591
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DLXXIV.*

CONSTANTS FOR CORRECTING INDICATOR SPRINGS
THAT HAVE BEEN CALIBRATED COLD.

BY R. C. CARPENTER, t ITHACA, N. T.,

(Member of the Society),

LIONEL S. MARKS, BIRMINGHAM, ENGLAND,

AND BY 9. H. BARRACLOUGH, SYDNEY, AUSTRALIA.

OBJECTS OF TEST.

The object of the following investigation was to determine the

average percentage difference in the readings of indicators when

tested hot and cold.

Incidentally, also, the method used gave the calibration of

the springs tested, and indicated whether they were originally

calibrated hot or cold. It also gave the magnitude of the fric-

tion of the moving parts of the indicator.

The investigation does not, however, make any comparison of

one indicator with another, nor do any of the data taken per-

mit us to draw any conclusions as to the relative accuracy of

the various styles of indicators. The errors which were found

were more often individual than characteristic of a series of simi-

lar indicators, and, consequently, cannot be used as a basis of

judgment on which to form an opinion of relative merits.

It may be stated that these errors are of sensible magnitude

in nearly every case, and the investigation would seem to indi-

cate that it is practically impossible to construct a spring and

accessory moving parts of an indicator so as to give a diagram

perfectly accurate for any prescribed scale.

It was, in general, noticed that new indicators gave diagrams

agreeing more closely with the scale than the old ones. Whether

* Presented at the New York Meeting (December, 1893) of the American Society

of Mechanical Engineers, and forming part of Volume XV. of the Tranmctions.

\ The investigations described in the following paper were conducled at my
request by Mr. Marks and Mr. Barraclough, and the following report was largely

written by them.
R. C. C.
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the reason for this is to be found in improved processes of man-

ufacture, or in the fact that the diagram ordinates are affected by-

wear of parts, or bj some change in the temper of the spring, was

one that coidd not be determined by the authors.

As is doubtless well known, two methods of calibration are in

common use, in one of which the scale of the diagram is com-

pared with the reading of a weighing-scale subjected to the same

stress, or with a definite amount of standard weights, the tem-

perature of the spring being that of the surrounding room.

This we term the cold calibration. The other requires the use

of an accurate manometer, which receives the same steam press-

ure as the indicator piston ; the diagram is compared with the

readings of the manometer, and in that manner the accuracy of

the scale is determined.

The present practice among indicator manufacturers seems to

be varied as to the method used. At least it is quite certain

that of the indicators which have been sold the last few years

some are more nearly true to scale when calibrated cold, while

others are more nearly correct when calibrated with steam.

METHOD OF TESTING.

The method of testing was to compare the readings of a very

accurate manometer with the ordinates of the indicator dia-

gram, when subjected to steam pressure for the hot test, or air

pressure for the cold test.

More or less experimental work relating to the methods of

calibrating indicator springs has been in progress the past three

years in the laboratories of Sibley College. Both cold and hot

tests have been thoroughly tried. The first methods attempted

of calibrating the springs with steam pressure utilized a large

vessel, in which the steam pressure could be regulated by throt-

tling either admission or discharge valve. This vessel was put

in direct connection with the indicator piston and with an open

mercur\' column. The column has a glass tube about 25 feet in

length and .1 inch in diameter, with an attached scale on wood.

This method, althougli used for some years, was found not to be

very delicate, and it was almost impossible to secure the same
results in the calibration of the same spring at different times.

As this difficulty was found not to pertain to the method of

regulating steam pressure, it was at first believed to be due to

changes in the scale of the indicator springs, due to use.
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Subsequent investigations showed pulsations of a wave-like

character in the mercury, which continued for a long time.

Fio. 113.

While the amplitude of these pulsations was not great, it was suf-

ficient to obscure delicate reading, and tended to produce those
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variations in the results which had been formerly ascribed to

irregularities in the indicator spring.

Prof. M. E. Cooley's method of testing indicator springs at

ordinary temperature was then instituted. This method briefly

was to compress the indicator spring by pressure on a rod, the

reactionary force being measured by delicate weighing scales.

This, so far as delicacy and uniformity of results was concerned,

proved all that could be desired ; but doubt as to the effects

of the temperature led to the substitution of the apparatus shown

in Fig. Ill and Fig. 112.

In this case a piston arranged so as to be readily rotated and

reacting on a weighing scale was used as a manometer. With
this apparatus delicate and uniform results were obtained.

DESCRIPTION OF APPARATUS.

The apparatus first used is shown in the accompanying print

(Fig. 112). A cylinder (A) is screwed on to a cross-bar firmly

supported above a Buffalo scale which reads accurately to Jq of

a pound. The length of the cylinder is 8 inches, its diameter

1.125 inches; a piston 1.123 inches in diameter, or with area

equal to 0.993 square inches, working freely in the cylinder,

rests upon the scale. The indicator to be tested is screwed into

the top of the cylinder.

5 is a small reservoir communicating, by pipe C, with the

boilers, which are distant about 200 feet, or, by pipe D, with a

reservoir of compressed air. The pressure in the air reservoir

was maintained automatically by a Westinghouse air-pump. A
pressure gauge was inserted in the reservoir, and also two pipes,

one leading to the atmosphere, the other to the cylinder A, and
the indicator.

A form of the apparatus, more compact and convenient for use,

which was used in the later experiments, is shown in Fig. 113, as

manufactured by Schaffer & Budenberg, N. Y.

In this case the manometer piston, K, rests directly on the

yoke, N. The pressure is transmitted and balanced by a scale

beam sensitive to 5V of a pound.

During the operation of weighing the steam pressure the pis-

ton is kept in partial rotation by moving a rod attached to pin, P.

Steam is admitted at //, discharged at /.
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METHOD OF USING APPARATUS.

The springs were tested Lot with steam, and cold with com-

pressed air. This latter the authors believe to be an innovation

of some importance, since the conditions of the two tests are by

f^
-i

J^^w=^''

this means made precisely similar, with the exception of temper-

atures. Both pistons were oiled before starting, with white

spindle oil for the cold tests, and with cylinder oil for the liot.

In the latter tlie indicator was warmed by blowing steam
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through before starting. The scale was adjusted to zero reading,

with the pistou resting upon the platform, the piston being

lightly tapped or rotated to prevent any tendency to stick, the

same precaution being taken throughout the whole of the in-

vestigation.

The method of making a test was as follows :

lndicator*1515

Spring 60*X

Up

Jie_

lndioatoif''354-

Spring 60*Y

Fig. 114.

The poise was set at a given load, and the pressure of steam

or air was allowed slowly to rise, by adjusting the inlet and

waste cocks. At the instant when the pressure had risen so as

to make the beam float in its mid position, a line was drawn
across the drum. The poise was thus set at successive increas-

ing loads till the desired maximum was reached; then, after

increasing the pressure beyond this maximum, the same loads
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were traversed in the opposite direction and corresponding lines

drawn.

The cards were similar to those shown in Fig, 115. All the

lines were drawn between the two vertical lines, those taken

with rising pressures being extended to the left, those with

falling pressures to the right.

Indicator 2045

•Up

Up

Indicator 202 7

Fig. 115.

The diagrams actually taken during the calibration of the

indicators used on the test of the North Point Station at

Milwaukee, Wis., are shown in Fig. 115, the calibration curves

for each case being given below.

The relative errors are then drawn on a large scale by laving

off errors as ordinates and total pressure as abscissa, as shown
in Fig. lie.
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CtR.\PHICAL results of TEST.

The results of these different tests are shown graphically in

the accompanying diagrams, Figs. 118 to 126.

CALIBRATION CURVES INDIQATOR SPRINGS

INTERMEDIATE
ENGINE

Bottom End
j

T-lnclicatop-2045-
Spring 20x
ErrorI+29^

Pounds above Atmosphere
JO 1 20 30 _

Top End
_ Indicator 20'2 7
T Spring 20y

Error + 3^'^

1 2 3 4 5 6 7 8 » ,10 11 12

Pounds below Atmosphere

Fig. 116.

BradUn i Pt>ttM, Bngr';lf. T.

The errors of mean reading for each spring are co-ordinated

with the pressures per square inch, corresponding to those

errors, for both hot and cold tests.

The calibration curve of the hot test is shown by a full line,

that of the cold test by a broken line. The line of reference in
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each case is marked 0-0, and the tangent of inclination of the

curves to the reference line is a measure of per cent, of error.

The relative scale of error is very much magnified, but it will

be noted that the variation of the observations from a right line

50
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//
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bo
"a> //y

Pressure Ibs./jn."

Fig. 117.

BraMtjl t BialM, Engr't.S.r.

is very small, and generally less than errors in measuring the

ordinates of the diagram.

If the calibration lines wore horizontal, the diagrams would

show that the error of the spring was zero for all parts of the
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scale ; or. at least, that the error would not affect tlie length of

ordinate of the diagram ; if the calibration lines intersect the 0-0

line at the origin, the diagram is correctly located with reference

to the line of zero pressure or the atmospheric line.

In general, failure of these lines to intersect at the origin can

be explained as due to lost motion and friction in some of the

moving parts of the indicator.

This variation is actually small, in every case, although ap-

parently large in some cases, due to the magnified scale of error

used in constructing the diagrams. The instruments were in

every case in good order, and the lost motion not apparent on
ordinary investigation.

RESULTS OF THE TEST.

The indicators chosen for investigation were

:

The Thompson, Crosby, Mclnnes, Elliott's " Darke," Buffalo,

Tabor, Bachelder, and Calkins.

In all, thirty-two springs were tested. At first two cards were

taken for each set of conditions, but finding that the results were

uniform it was decided that one card was sufficient for each case.

The observations and results of the tests are given in the ac-

companying log.

In the log the third column, headed " Scale of Spring," gives

the maker's calibration of the particular spring.

The next column gives the pressure on the scale, and since the

area of the piston is .993 square inches, this is equivalent to

the pressure per square inch given in the following column.

Columns 6, 7, and 8 give the heights of the ordinates of the

lines drawn on the up and down grades, and the mean of these

respectively for the cold test. The error in height of ordinate

for any pressure is due to the friction of the indicator. This
friction opposes the motion of the piston so as to make it less

on the up grade and greater by an equal amount on the down
grade. Hence the difference of the heights of the ordinates for

the same pressure on the up and down grades is a measure of

the friction of the indicator, being equal to twice that quantity.

The friction thus'obtained is the sum of that between piston and
cylinder, and that of the pencil motion, but does not include the

friction between pencil and paper, as the pencil was always held

away from the drum except when drawing an isopiestic line. In
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column 9, the average friction is obtained by summing the dif-

ferences of the heights of the down and up ordinates for each

pressure, and taking one-half of the mean of tliese quantities.

The friction can be obtained also from a diagram co-ordinating

pressures and pencil movements, as shown for the Mclnnes indi-

cator in Fig. 117. If this friction is constant these straight-line

curves will be parallel to one another for up and down grades.

This was not usually the case, the lines often being inclined to

one another at a small angle. It was found that the mean fric-

tion obtained from such a diagram does not differ appreciably

from that obtained from the data as above.

The column headed " Error of Mean Reading " is obtained by
subtracting the actual pressure per square inch, as given in

column 10, from the height of mean ordinate given in column 8.

Columns 11-15 have same significations as columns 6-10, but are

for hot tests.

The last column gives average percentage difference of read-

ings for the same pressures when hot and cold, obtained from

the graphical representation of the results of the test as ex-

plained below.

In conclusion, the results of this investigation demonstrate that

the practice of calibrating indicator springs cold leads to an error

on the average of about S.Qfo. The proper method to be pursued

in any case before using an indicator is, of course, to calibrate it

with steam ; but if it is only practicable to calibrate it cold, or if the

maker's cold calibration has to be used, a reduction of the M. E.

P. obtained by 3.0'^ will generally give a value correct within 1^.

It will be noted that this investigation only considers the con-

dition for constant steam pressure ; while in actual use in the

engine the pressure varies rapidly.

Since indicator springs are not compressed beyond the elastic

limit in good practice, there is no apparent reason why Hookes'

law for an elastic body should not apply, in which case the per-

centage eiTor which was found true for a static calibration should

hold correct for the case of varying steam pressures, such as occur

in the actual working of the engine. To find out whether the

static calibration did apply, the following experiment was per-

formed : two indicators were selected, and the springs were cali-

brated with steam pressure on the instrument shown in Fig. 113,

and in the manner already described. The result of this calibra-

tion is shown in the accompanying diagram, and, when measured,



INDICATOR SPRINGS THAT HAVE BEEN CALIBRATED COLD. 465

was as follows : Indicator K scale of ordiuates of diagram 0.13^

too gi-eat ; indicator T scale of ordiuates 2.26/^ too great ; differ-

ence by static calibration, 2.13'?;. The two indicators were then

connected by means of a Tee fitting, to the same end of a Corliss

engine cylinder. Steam connection was made, and a simultaneous

diagram taken from each indicator.

A careful iutegi-ation of each diagram, supposing the scale in

each case to be correct and equal to 40, shows a mean effective

pressure of 27.04 for the diagram taken with indicator K, and of

26.50 for the other. Increasing these results by the amount of

con'ection that the static caUbration indicated as required, we
have the following results :

Corrected M. E. P. indicator A", 27.04 x 1.0013 = 27.04 + 04 = 27.08.

Corrected M. E. P. indicator T- , 26.50 x 1.0226 = 26.50 + .59 = 27.09.

"While these results are not identical, they are sufficiently close

to show that the differences found by static pressures are sub-

stantially the same as those obtained under the actual conditions

of operation, and furnish a strong argument for establishing the

reliabihty of the method described of correcting the mean effect-

ive pressure of the indicator diagram, by the factor shown to be

necessary by the static calibration under steam pressure.

DISCUSSION OF RESULTS.

A study of the results of the test indicates that errors of indi-

cator springs are of such magnitude that they cannot in general

be neglected.

Secondly, these errors are in proportion to the pressure, and

consequently the correction for the same is a percentage to be

added to or subtracted from the mean ordinate. There are prob-

ably some exceptions to this general law, and no doubt individual

springs may show an irregular error, due to change in friction as

the piston changes its position, as well as in variation in the

elasticity of the spring itself. This point is discussed later.

The springs tested were, however, of a great variety of make,

and the calibration curves are practically straight lines in every

case.

The loads applied to the springs were well within the elastic

limit ; had that been exceeded, the error would probably rapidly

increase.

From the calculation given later, it would seem probable that

30
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the temperature of the indicator spring does not vary a great deal,

due to change of pressure of the steam ; it is certain that the

steam which escapes past the spring is not sensibly higher than

that due to atmospheric pressure.

The two calibration curves for each spring would both pass

through the origin of co-ordinates if friction and lost motion did not

interfere with the position of the no-pressure line, for in that case

the error of mean reading would be zero. The effect of friction,

however, is to shift the curves parallel to themselves, so that they

frequently do not pass through the origin. Tlie difference of the

tangents of the inclinations to the horizontal axis of the hot

and cold curves, for any spring, multiplied by the ratio of the scale

of ordinates to the scale of abscissae, gives the average percentage

difference of readings for that spring when hot and cold.

Collecting the results for the different indicators it is seen that

the average percentage difference of readings, hot and cold, varies

from 2.5 to 6.6, and that the mean is 4.1^ As, however, the

Elliott indicator, owing to a tightly fitting piston, gives a very high

average percentage difference, and the Bachelder differs in type

from the rest, it appears to the authors to be wiser to neglect the

results obtained from these two indicators, so that the variation is

from 2.5 to 4.4, and the final mean average percentage difference

between the cold and hot test becomes o.Gfo.

DISCUSSION OF THEORY OF TEMPERATURE EFFECTS.

The chief causes operating to produce variation in deflection

of an indicator spring with temperature are changes of

:

(a) Area of piston.

{b) Elasticity of spring.

(c) Length of spring.

(a) All the indicators tested (with one exception) had brass

pistons, and these, being in contact with the steam, would

approximate its temperature. The linear expansion of brass is

given by the formula :

Z ' = Z (1 + .0000104 f),

where L and L' are lengths at and / Fahr. respectively.

The experiments were carried on with steam pressures vary-

ing from to 80 lbs. above atmospheric pressure. These would

give ranges of temperature of the piston from GO" Fahr., when
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tested oold, to from 212"" to 320^ Falir. wheu hot, i. e., of from
152^^ to 260^ F;\hv. The corresponding changes in diameter of

piston are given by

^=^1 + .0000104 X 152

= 1.001581

and

or of areas

D
D = 1 4- .0(

= 1.002704

A'

A = 1.0032

A-
A

= 1.0054.

Hence the total pressure on the spring is increased in ratio of

from 1.0032 to 1.0054, with increase of temperature of piston

from 212^ to 320= Fahr.

(1)) The effect of increase of temperature on the elasticity of

a steel spring has previously been investigated by Mr. L. S.

Marks, at Mason College, England, who found it to be repre-

sented by the formula

—

E = ^(l-.00019O,

where E and E are moduli of elasticit}' of the coiled spring

at 0"' and f Fahr., respectively.

It is probable that in actual practice the temperature of an

indicator spring never rises more than a few degrees above 212°

Fahr. If, within the range of high pressures commonly in use,

the quality of steam is above .95, the steam escaping past the

indicator piston under atmospheric pressure would be super-

heated ; but it is fairly certain that in the great majority of

engines the steam does not attain this quality except for a short

period of the stroke, near the end of exhaust. As the steam is

then at a low pressure its quality can rise considerably above
.95 without superheating taking place, and under any circum-

stances the superheating is small and is only effective for a short

period of the stroke, so that the result will be to raise the tem-
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perature of the escaping steam only a few degrees above 212°

Fahr.

The effect of conduction of heat from piston to spring tends

to raise the temperature of the latter to a considerable degree,

unless the escaping steam is wet, in which case a film of water

will be deposited round the spring, and heat conducted very

rapidly from it.

Eadiation from the cylinder walls will also be effective to a

slight degree in raising the temperature of the spring.

If we assume 220" Fahr. to be the mean temperature of the

spring in common practice, we find that its elasticity is dimin-

ished to

E' = e\ 1 -.00019 (220-60) l

= ^ X .9696,

and since the deflection of a spring is inversely as its elas-

ticity, the deflection for the same pressure is increased in ratio

.TyV-9^, or 3.13?^.

(c) A spiral spring, on heating, uncoils and elongates in the

direction of its axis. If it maintained, when hot, the elasticity

which it had when cold, it would under the same pressure com-

press the same fraction of its length, and as this length is in-

creased, the deflection is increased in same proportion. This

effect, however, is of the second order of magnitude, and so can

be neglected.

The combined effect of the causes («) and (?>) is to increase the

deflection of the spring in the ratio of the product of their

separate effects. This gives a percentage increase of deflection

varying in ordinary practice from 3.45^0 to 3.66'^, with increase

of steam pressure from to 80 lbs. per inch above atmospheric

pressure.

The close agreement of this, calculated with the experimental

results, tends to prove that the constants assumed agree sub-

stantially with those occurring in ])ractice, and would seem to

indicate that they might be used with confidence.
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10 30

Pressure Ibs./p'
30 40

Fig. 119.
Dr.aiHty(f J\>aln, Sngr't, N.'T,



INDICATOR SPRINGS THAT HAVE BEEN CALIBRATED COLD. 471
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DISCUSSION.

J/r. Gus. C. Henning.—I would like to ask Professor Car-

penter whether he found that the modulus of elasticity of those

springs would vary 3,^ under a temperature change of about

160^, taking the normal temperature at which those sj)rings

were tested at 60". What is the temperature you state?

Professor Carpenter.^Ahont 60° to 220° Falir. Both the

results of calculation and experiment agree.

Mr. Henning.—Was that the temperature of the steam ?

Professor Carpenter.—The temperature of the steam was esti-

mated at 220° Fahr. ; it may have been 8° or 10° less, or even

that much higher.

Mr. Henning.—Did you test those springs and find there was

a difference in the modulus of elasticity of 3fe ?

Professor Carpenter.—The test only covered the ground indi-

cated in the paper.

Mr. Henning.—That '6'i would make 900,000 lbs. in the modu-

lus of elasticity, and such a thing has never been found before.

I understand you to say that the errors of the springs were

checked off theoretically by calculation and substitutioii of the

elastic formula, assuming the modulus of elasticity, and that

that would give you an error of up to 6.6^'.

Professor Carpe)iter.—The theoretical calculation is given on

page 467. The modulus of elasticity is diminished by 1 minus

the fraction .00019. The modulus of elasticity referred to

here is not that of the steel wire, but that of the coiled

spring. Now, it is quite evident that Mr. Henning is talking

about the modulus of the steel, which is about 30,000,000. I

refer to the modulus of the coiled spring, which is about 50,000.

The computation is from an independent investigation made

with coiled springs by Mr. Marks, at Mason College, England.

I looked over the investigations made, and considered his

experiments as excellent. By substituting the coefficient found

in Marks's experiments the results come out very close to what

was actually found. It seems to my mind a substantiation of

its relative accuracy. It must be very nearly right, anyway.

It may be a matter of interest to learn that our method of test-

ing indicator springs, as described in the paper, is one adopted

after trying numerous experiments witli varioiis standards.

We first compared the indicator springs, when under steam
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pressure, with a mercury column. Our results were not at all

satisfactory. The sprin«:;s, apparently, had irregular errors, not

at all compatible with Hooke's law of elasticity ; furthermore,

we found it exceedingly difficult to make our calibration show

the same error for the same spring at different times.

Careful investigation convinced me that wave-like pulsations

of the mercury were the principal cause of the irregularity, it

being a matter of extreme difficulty to determine the true height

of the column. For steam-gauge testing this was a matter of no

gi-eat importance, as the error was much less than the least

reading of the gauge ; but for indicator-spring testing the error

was sufficient to obscure and make the result irregular.

In some recent experiments, to our cost, we have found that

what is usually sold as mercury is an amalgam of some metal

with specific gravity lO'^ or 15^ less than pure mercury. It

seems quite impossible to buy the pure article, and we have

recently resorted to a method of distillation to separate out the

mercury from the baser metals.

For these various reasons I believe that some system of com-

parison against standard weights is not only more convenient,

but is more accurate and reliable than the mercury column.

Tlie Pi-esident.—What was the principal impurity which you

found in this mercury?

Professor Carpenter.—I am not certain of the composition of

the impurities, but regarding the power of mercury to dissolve

metals I might mention one thing. Within a very few days we
desired to make a metal which would melt at a low tempera-

ture, and we found, by consulting tables of melting points, that

if we used oO'/c of mercury and the remaining parts of tin and

lead we would have a metal that melted at 106'' Fahr.—at least,

that was the written statement. We made the mixture, using

as per directions bOfo of mercury and the proper amount of tin

and lead, and we found when we got our metal together that

we had a metal that was just as fluid as the mercury, even at

60' Fahr. It. looked just like pure mercury. To get a metal

that would solidify we had to reduce the mercury to 25'? instead

of 50'. From this experiment I know that a very large per

cent, of tin and lead will be held in solution by mercury, and

I am quite sure that there was some tin, and I think, also, some
lead in the commercial mercury that we bought for pure mer-

cury.
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Mr. Geo. I. JRochivood.—In testing condensing engines I have

frequently used a mercury column in place of the vacuum gauge,

using mercury as sold in small quantities from the stores.

I see by what Professor Carpenter has said about the effect

of the impurity of the commercial mercury on its specific

gravity, that it is jiist as necessary to know all about the mer-

cury used in the column as it is to be assured of the accuracy

of the vacuum gauge.

3Ir. Charles T. Porter.—I am much interested in the paper of

Professor Carpenter. It certainly can do the makers of indica-

tors no harm to know that their work will be subjected to most

thorough and searching tests for accuracy. It may be interest-

ing to the society to be told the method that was employed to

obtain accuracy in the first manufacture of the Eichards indica-

tor in London just thirty years ago. It was a very simple

method. I discarded the use of the mercury column, also the

use of any manometer guaranteed by anybody, and employed

only pieces of iron, the w^eights of which had been carefully

determined. The first object was to get a cylinder of standard

and invariable diameter. Having adopted half of a square inch

as the area of the cylinder, we applied to the Whitworth Com-
pany at Manchester and obtained from them a mandrel of

hardened steel, about two feet in length, ground with great care

to the diameter, .79789. On this mandrel brass tubes were

drawn, about eighteen inches in length, and when forced off

from the mandrel they were perfectly true, polished tubes.

They were cut up in lengths, each tube making about six cylin-

ders, and so the permanent area of the cylinder was established.

The next step was to test springs for accuracy, and this was

done, aside from the instrument altogether, in the open air on a

block of metal set on a bench. A rod was put through a hole

in the bench and went up through the block and the spring,

with a nut on the top. This rod was connected to a lever, the

arms of which represented the pencil movement of the indica-

tor, on an enlarged scale. The weights were hung on the lower

end of the rod. The block carried an arm which was made to

receive the scales for the diflerent springs. In this simple

manner the springs were all tested to absolute accuracy through-

out their entire range of action. The process of adjusting them

is interesting. Tlui heads of the springs were made with three

wings, and a spiral groove was cut in these wings so that they
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threaded on to the coiled ^vire. Oue of the heads was secured

on the spring in the following manner : The wire was soldered

into two wings, and the third wing was closed on the wire very

firmly, so that the vibrations of the spring could not reach the

soldered joints. The other head was screwed on loosely, and

adjusted in the testing apparatus, so that the spring was a little

strong, and that was then secured in the same manner. Then the

spring was put in a lathe and the surface was rubbed with emery
cloth as it revolved until the reduction in strength brought it

precisely to the point of accuracy, and every spring was tested for

accuracy through its entire range. That calibration Avas always

cold. The correction for temperature was made in this simple

manner: it was assumed that the temperature to which the

spring is exposed in use is always about 212^, the upper end

of the cylinder being open to the atmosphere. A spring was first

tested cold, then left for a minute or two in boiling water, and

tested again, when it was found to be weakened one pound in

forty. That was invariable, so far as we could observe, for all

sizes of wire. So it was easy, having determined this once, to

afterwards make the correction when the springs were tested

cold. The spring being weighted with 20 lbs. hung on the rod,

the index must come to 39 lbs. Then when in use hot it would
mark 40 lbs. correctly. That method was so successful that the

indicator soon became a standard of pressure by which mano-
meters themselves were tested, and it was found to be quite

reliable and invariable. No attempt was made, perhaps there

should have been, to ascertain the effect of use. I do not know
but that in a long time the springs may have become weakened
by use. But at that time we did not go any further in these

t€sts than that. When they went out they were perfect. The
wire of which the springs were made was selected with a great

deal of care, and a uniform make of wire was used that seemed
to stand perfectly. Some samples did not stand so well. I

think we were successful in getting a permanently correct

spring.

A practically complete frictionlessness was insisted on. The
test for friction was simple but searching. The pencil was
pressed upward and let down very gentlj', and a line was drawn.

It was then pressed down and allowed to rise in the same
manner, and another line was drawn. The two must coincide

exactly, forming the same fine line. This was repeated, on the
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atmospheric line, and at other points to the top of the scale, the

indicator being under different pressures. The workmanship
was such that this test was always fully met. The slight tor-

sion of the spring when being compressed was provided for in

the pencil connection, and there was no difference in the indica-

tion on the upward and downward movements.

Mr. Charles JV. Barnahy.—In regard to what Mr. Porter

speaks of with reference to the continued accuracy of the

springs in service, I had considerable experience in this line

some years ago in the early days of the manufacture of the

Thompson indicator at the Buckeye Engine Works, Salem,

Ohio. We started out without any experience in the line of

indicator and spring manufacture, and supposed when we had

adjusted the springs to perfect accuracy when cold that we
had done all that was required. In the course of time an

order came in for a pair of indicators to be used in making an

engine test. I made the springs myself, and as the party was

particularly anxious to have them absolutely correct, I took

great care in adjusting them to the exact strength. After

the test was completed the springs came back to be retested,

when to my surprise I found that they were uniformly weak to

the extent of about one pound in forty. The springs had

lost strength in use,- and the question arose as to whether

it was due to the steam heat or merely to the mechanical

effect of the repeated compressions and extensions which the

springs had been subjected to. I consulted Mr. Thompson
on the subject, but neither of us thought it j^robable that so low

a temperature as 212^ could affect the material in such a man-

ner as to weaken the spring. A device was therefore rigged up

to operate the springs mechanically, through a range somewhat

in excess of the maximum limit of the indicator piston move-

ment. The device operated at a speed of 1200 compressions a

minute, and after the springs had been operated in it for one-half

minute they were considerably weakened. After being operated

for a minute (1200 compressions) they were weakened a very

little more. The maximum reduction of a full })ound in forty

was secured at or below this point, as upon being further sub-

jected to the operation through a period of one, fifteen and even

thirty minutes or more, no further reduction of strength was

obtained. Although no reduction was observed beyond the first

minute's operation, I adopted two minutes (2400 compressions),



INDICATOR SPRIXGS THAT HAVE BEEN CALIBRATED COLD. 493

as the time duriug which springs thereafter luauufactured should

be operated iu the device, wishing to keep well on the safe side,

and naturally supposed the full solution of the weakening of the

springs in use had been reached.

Sotuetime after this I had occasion to make another set of

springs for the same purpose, and when they came back to be

retested after the engine test I had a second surprise, as the

springs were again too weak, although not as much so as in the

first case. There was only one conclusion left, and that was

that the springs were affected by the slight heat they were sub-

jected to in use as well as by the mere mechanical effect due to

compression.

Fortunately there was a steam pipe handy, and the device for

"jigging" the springs, as we called the operation performed

upon them, had been so constructed that the spring being
" jigged " was enclosed in a cylinder, so that it was an easy

matter to connect a steam-pipe to the cylinder. Vent holes

were drilled in the lower part of this cylinder to carry off the

water of condensation and to give the steam, only a slight

amount of which was turned on, a chance to flow freely through

and out of the cylinder, so as to obtain practically atmospheric

pressure around the spring. It is obvious that this pressure,

and its corresponding temperature of 212°, is what is required

to place the spring under the same conditions that are met in

its use in the indicator ; the spring being placed on the top, or

atmospheric side of the indicator piston, which space is in con-

stant communication with the atmosphere through vent holes

supplied for the purpose of maintaining a constant atmospheric

pressure upon the top of the piston. The under side of the

piston would be exposed to a much higher pressure and temper-

ature much of the time, and its temperature would thus be con-

siderably above 212°, and part of the heat would be conducted

up into the spring, but only for a short distance, as the envelope

of lower temperature steam would very rapidly absorb this con-

ducted heat. It is thus evident that under proper conditions

the indicator spring could only very slightly exceed a temper-

ature of 212\

After putting some springs through the first operation and
getting all the reduction that was possible by " jigging " cold, I

put them in the device again and gave them a second " jigging
"

under steam, and found that I got another reduction amounting
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to about one-half pound, or between one-third and one-half as

much reduction as was obtained by the cold " jigging," as near

as I can now remember. Having once established the fact that

a further reduction was obtainable under heat, there was no

further necessity for putting the springs through two separate

operations, so I combined the two, giving the springs made
thereafter a single two minutes' " jigging " under steam, the

results being the same as the aggregate reduction obtained by
putting them through the cold and hot operation separately.

According to my present recollection, in the first test of the

springs when the brass heads were adjusted and soldered on, I

left the springs about two pounds in forty strong, the greater

part of which was for the reduction obtained by the " jigging
"

process, and the balance, a small fraction of one pound, was for

the final accurate adjustment of the spring to scale by the appli-

cation of emery cloth as just explained by Mr. Porter. In

addition to this two pounds allowance for permanent reduction,

one-half pound was allowed for the temporary reduction of

strength of the spring while subject to the 212"" temperature in

use, the springs being left one-half pound in forty strong in the

final adjustment.

The weakening of the springs from the effects of the working

strains and temperature was very surprising and unaccountable

to me. I could reconcile the results due to the mechanical

action more to my satisfaction than I could those due to the

temperature, and I cannot yet understand how so low a temper-

ature as 212° should permanently affect the strength of the

springs as much as it does. While talking with Mr. Porter

yesterday on this subject, he suggested that the steel used in

constructing the springs miglit not have been of a proper

grade. The springs were bought coiled and tempered, of regu-

lar spring makers. I do not think that any special quality of

steel was specified. I remember working on one lot of spiings

on Avhich I could get very little reduction by the "jigging "' and

heating process, which would seem to indicate that quality of

steel lias something to do with it. There was only the one lot,

so far as I can now recall, out of a large number of springs

received from several manufacturers which did not show about a

uniform reduction of almost two pounils in forty.

Mr. Thomas R. Almond.—Mr. Porter said something about the

quality of the steel used. It seems to me that it is important
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to know how the springs were hardened and how they were

tempered. Can Mr. Porter say anythin<i; about that ?

Mr. Porter.—The springs were coiled on grooved mandrels.

After the size of wire and pitch had been carefully determined,

they were heated over a brazier and tempered. The work was

done very uniformly. For several years these springs were all

made by one man, a very skilful workman. He certainly was a

treasure. He made these springs by the thousand, and they

were always correct. The large number made is accounted for

by the fact that most purchasers bought a full set of springs.

Mr. Almond.—I would like to say something in regard to a

matter that has come to my notice. I find that steel wire acts

very irregularly at times. To-day it cannot be coiled on a

certain sized mandrel, while six months hence it can be coiled

quite easily. That is due, it would seem, to a re-arrangement

of the molecules. The internal structure of the steel seems to

change so that it is possible to coil a wire, say a No. 11 wire on

a
Y^'y

mandrel, after it has been standing six months, when it was

not possible to coil it before. I am speaking of tempered steel

wire, tempered in oil, not a high grade of steel, but of fair quality.

I have had about 50<> lbs. of this material set aside for the pur-

pose of being coiled after it has been seasoned. I say seasoned.

I sup]3ose that is an expression that is used in this connection,

and I think it is pretty well understood that wire will improve

or mellow up, by time, and I have not a doubt that the springs

you speak of are very materially affected by time as well as

other things. Take a spring to-day and harden it and temper it

and test it, and it will give you such and such results, while if

you leave it for six months, without anything being done to it,

it will have changed its conditions. I think that the molecules

require time to arrange themselves so as to get into the abso-

lutely normal condition, and time alone will permit of this. I

think the question of tempering is of serious moment. I

remember eighteen years ago sending some tools to a black-

smith who had an excellent reputation, because I did not dare

to harden them myself, and the next morning I was surprised

to find them broken. The man could not account for it. He said

he never had had such an experience before. But the fact was
there. From that day to this I have had no bad luck in harden-

ing, because I have hardened everything that was important my-
self. The secret with me, so far as success in hardening goes, is
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in using oil after the thing is cooled in water and immediately at a

point where the temperature is reduced so that you can imagine

it corresponds Avith some fixed point on the thermometer, as

near as you can imagine it. Be guided by the sizzling of the

water, if that will help you, it is an almost sure guide with me.

Now if 5'ou will take the steel out at the right moment and

drop it into oil and let it cool gradually—let it mellow up, as it

were ; let the temperature in the centre of the stock distribute

itself over the whole mass, you even up the molecular strains

and get it into a condition so that you can leave it on your

bench for years, and you will not go in some morning and find it

accidentally exploded. I think there is much in that point, and
I think it is of great practical value in the every-day application

of this subject to our needs.

J/r. Porter.—I should add, perhaps, that these springs were

tempered in oil, and I would like to say also that a mercury

column was used in the shop merely for the information of

engineers. English engineers were accustomed to the mercury

column and relied upon that altogether, and so for their satis-

faction a mercury column was kept in the shop. The Elliotts

were makers of barometers on a large scale, and undoubtedly

saw to the purity of their mercur}-. The mercury column in

use always corresponded in its indications with the weight.

So it must have been pure.

Mr. Bockiuood.—Professor Carpenter's paper states that which

the experience of almost all engineers proves, that indicators

sent out by standard makers are frequently unreliable in their

indications.

I lately tested the springs of a pair of indicators in this way.

"VVe had a pair of accurate thermometers—obtained in Paris

from a celebrated maker—which agreed with each other to

within a tenth of a degree. Putting the thermometer into a

well in a steam pipe, we read the temperature shown, and finding

the corresponding pressure from Porter's Steam Tables, com-

pared it with the pressure as shown by the indicator. I sup-

pose this is a fairly reliable method of testing indicators under

steam pressure.

Mr. Tlios. R. Jlmond.—The molecular structure of steel, after

this material has been subjected to the disturbing action of

rolls, hammer, draw-plate, hardening by fire, etc., is a matter

for serious consideration.
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Any of these processes disturb the attraction of cohesion. In

coiling a wire spring upon a mandrel the material, at the largest

diameter of the coil, is stretched, and that at the inside diam-

eter is compressed. If the spring, after being newly coiled, be

placed in a bath of acid or alkaline solution, it is probable that

the force of capillary attraction is sufficient to allow the liquid

to get into the steel and cause fracture, as, by subjecting steel

springs to snch treatment they will—if under any tension—almost

always break. This leads me to believe that many of the un-

accountable breakages which occur in machinery are due to

similar conditions. In other words, the material may be under

sufficient tension to permit the admission of a liquid to an

extent sufficient to lessen the attraction of cohesion.

Mr. Barnahy.—I would state that the set which has been

described as resulting from dropping a weight on the springs

has no relation to the effect which I have explained. The
effect which I referred to was the weakening of the springs, and

had no reference to a change in length. I always gave the

springs a permanent set also, not by dropping a weight on

them, but by squeezing them in a vise, giving them a good
squeeze so as to compress the coils tightly against each other.

The heavy springs always showed a permanent set or shorten-

ing as a result of this operation, and as the heavy indicator

springs are principally subjected to compression this set may
be relied upon as being permanent, as the less than fifteen

pounds extension force which they may be subjected to with a

vacuum is such a small fraction of the elastic limit that there

is no possibility of the set being reversed by it. The light

springs being coiled the same diameter and pitch from smaller

wire, did not show any set, as the coils would come up solid

long before the elastic limit was reached.

After being given this set, the springs very rarely showed any
change of length in going through the *' jigging " operation.

Each spring was carefully calipered for length immediately
before and immediately after "jigging," and if any change of

length was apparent the spring was thrown out as being improp-
erly tempered. From this it will be understood that there was
no change of length as a result of the " jigging " operation,

there was merely a change of strength.

In regard to the accuracy of the springs sent out with indi-

cators, I had occasion while working on indicators to test quite
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a number of springs at different times, made by other parties,

and very rarely found one that was correct. Most of these

springs had been used, and usually showed weak under test,

which indicated that they had been weakened by use, but as an

occasional spring would run two or three pounds strong in forty,

while some ran much weaker than could be accounted for by
any results I had obtained by the " jigging " process, it is evi-

dent that much of the inaccuracy was due to careless adjust-

ment.

Mr. Porter.— I suppose I should defend the method of finish-

ing the indicator springs by polishing the surface with an

emery cloth. We found it impossible to obtain exact accuracy

by turning the loose head back and forth. The plan finally

adopted was a necessity ; that was to set the head so as to make
the spring a trifle strong, and then reduce the strength by polish-

ing the surface uniformly. We polished every coil equally.

It did not affect one coil more than another. It was necessary,

in order to bring the spring exactly to the proper strength.

As to the matter of permanent set, that of course was elimi-

nated from the spring in the process of manufacture. I should

say, in respect to the springs to which Mr. Barnaby referred,

that in this country, before the Thomson indicator began to be

made, the indicators made by the American Steam Gauge Com-
pany of Boston were simply worthless. They had no pretence

to accuracy whatever. The first accurate instruments made in

this country were those to which Mr. Barnaby has referred.

Prof. R. C. Carpenter.'^'—M.J attention was called by Mr.

Marks, one of the authors of the paper, to the fact that in the

calibration diagrams, shown in Fig. 114 and Fig. llo, negative

friction is indicated in two of the four diagrams. It would seem

that an explanation is necessary to account for this seeming

discrepancy. The facts are these : those diagrams were merely

shown, in connection with the curves in Fig. 116, as illustrations

of the method of representing the spring errors. In this case

the log of the test, not published in the paper, shows that the

pressures up and down were not exactly the same, and that the

difference in steam pressures causes some slight irregularity in

the lines, which accounts for what might be considered an

abnormal condition, in one or two ])lnces.

The discussion has brought out many valuable facts with

*Aathor's Closure, under the Rules.
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reference to tlie behavior of springs, to which I can add little

or nothing from my own personal experience. It is, however,

perhaps well known that experiments have been made at the

Watertown Arsenal regarding the effect of temperature on the

strength of various materials. The principal results of these

tests will be found in the published report of the Arsenal for

1888. In this report some few things are collected together, so

that the general results are readily perceived, but, on the whole,

the information is presented in the shape of individual logs,

which can be utilized only after considerable labor and calcula-

tion.

With help of Mr. Geo. B. Preston, I have collected the results

of the series of tests made on several samples of steel, and com-

puted the corresponding moduli of elasticity. As these results

are of considerable interest, and have a direct bearing on the

subject of this paper, I will give the more important experi-

ments, so far as they relate to the moduli of elasticity.

In the following tables are given a load per square inch,

which is well within the elastic limit, the corresponding total

deflection for a length of five inches, the temperature, and the

resulting moduli of elasticity :

MILD STEEL.

ANALYSIS.—CARBON 0.09. MG. 0.11.

Load per square
inch.

Temperature of
epeclnien,
Deg. F.

Total Elongation.
Elongation
per inch.

Modulus of
Elasticity,
Millions.

30,000 .0045 .0009 33.3
30,000 70 .0047 .00094 31.8
30,000 201 .0048 .00096 31.3
30.000 306 .0032 .00064 47.0
30.000 384 .0022 .00044 08.
30,000 437 .0024 .00048 62.5
20,000 54.=) .0010 .00020 10.0
20,000 668 .0032 .00064 2.1
10,000 736 .0019 .00038 2.6

( AI'.BON 0.2. HO. 0.45.

30.000
30.000 .0073 .00146 22.7
30 000 70 .0044 .00088 34.0
30.000 195 .0026 .00052 57.5
20.000 334 .0011 .00022 91.0
20,000 460 .0046 .00092 21.8
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MILD STEEL.—Continued.

CARBON 0.31. MG. .57.

Load per square Temperature of Elongatiim
inch. specimen,

Deg. F.
Total Elongation

.

per inch.

30,450 .0045 .0009
30,000 70 .0049 .00098
30,000 228 .0047 .00094
30,000 339 .0048 .00096
30,000 569 .0028 .00092
20,000 651 .0066 .00092
20,000 738 .0042 .00084
20,000 832 .0039 .00074
10.000 960 .0017 .00034
10,000 1,021 .0028 .00056

Modulus of
Elasticity.

Millions.

34.0
30.6
82.0
51.4
32.6
21.8
23.8
27.0
29.0
17.7

.93. LI. .07.

50,000 5 .0092 .00184 27.3
50,000 70 .0082 .00164 80.6
50,000 214 .0085 .0017 29.5
50,000 234 .0073 .00146 34.2
50,000 315 .0068 .00136 36.8
50,000 342 .0060 .0012 41.6
50,000 373 .0054 .00108 46.4
50,000 422 .0086 .00172 29.2
40,000 540 .0983 .00166 24.0
40,500 587 .0075 .0015 26.5
40,000 670 .0085 .0017 23.5
40,000 801 .0070 .0014 28.5
40,000 845 .0081 .00162 24.5
40,000 953 .0118 .00236 16 8

CARBON .97. M(;. .8. LI. ,28.

50,000 70 .0080 .0016
ogli^o-a50,000 70 .0085 .0017

50,000 265 .0088 .00176 28.4
50.000 384 .0133 .00266 18.8
50.000 405 .0118 .002:!6 21.2
50,000 478 .0089 .00178 28.1

60,000 478 25.0
50,000 505 .0167 .00334 15.0
50,900 535 .0101 .00202 24.6
50,000 656 .0187 .00935 5.8
50.000 736 .013 .0065 7.7

50,000 867 .0160 .0080 6.2

50,000 908 .0168 .0084 5.9

80,000 1.110 .01.53 .0076 3.9
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The experiments published do not relate to any steels high in

carbon, although the last series of tests relate to steel which

approximates at least to spring steel in its composition.

A study of the tables submitted shows very clearly that the

temperature effects depend to a great degree on the composi-

tion. On the specimens low in carbon the effect of increase in

temperature is at first to raise the modulus of elasticity, which

possess a maximum in the region of 600^ Fahr.; from this point

its value rapidly falls off. As the percentage of carbon increases,

this maximum occurs at a lower temperature, and in the speci-

men approaching spring steel in composition, the maximum
value is found at a temperature of 70 Fahr.

The tests made on this steel are shown by the line A B, in. the

Temperature Degrees JEahrenheii

Fig. 127.

accompanying diagram (Fig. 127). Taking the values from the

curves we have modulus of elasticity at 60° Fahr. is 30.3 mill-

ions, at 206' Fahr. is 29.2 millions. The change in this case is

1.1 millions, or 3.7x, due to a change of temperature of 160^

Fahr. >'i. >., from 60' to 220°).

"While there may be some reasonable doubt as to the exact

numerical values, because of irregularity, given in the foregoing

tables, there can be no doubt as to the general conclusions,

which may be stated as follows :

i^iVs/.—Change of temperature has great effect in changing

elasticity of steel.

Second.—The amount and character of change is dependent
upon the composition of the steel. In soft steel, with low car-

bons, the modulus of elasticity is at first rapidly increased,
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passing a maximum at some temperature, and then rapidly

diminishing.

Third.—As the carbon increases the modulus of elasticity

reaches a maximum at a correspondingly lower temperature,

and for ordinary spring steels the maximum value corresponds

closely to temperatures of 70° Fahr., so that the effect of heat-

ing will tend to weaken any springs made from such steel.
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DLXXV.*

TEST OF A BOILER USING GRATES WITH SMALL
PERCENTAGE OF OPENINGS.

BT FREDERICK A. SCHEFPLER, NEW TORK CITY.

(Member of the Society.)

Occasionally there will crop up, in the experiences of engin-

eers, results which seem to be beyond any expectation of what

might occur under the circumstances of the investigation being

made. The writer has a distinct recollection of a paper having

been presented to the Society by the able Past President, Prof.

John E. Sweet, entitled " The Unexpected which often Hap-
pens," and this paper naturally belongs to the Society's record

covering such matters.

The writer had occasion to be called in as a disinterested party

some time ago, to make a test of a boiler in use at the American

Cereal Mills, Akron, Ohio, the primary object of the test being

to ascertain the evaporation per pound of coal which these boil-

ers would produce at their rated horse-power. Upon arrival at

the grounds and after making a careful inspection of the arrange-

ment of the boiler, connections, and setting, and of the grates,

together with the coal which was to be used during the test, it

was found that the grate bars were constructed with such ex-

tremely small openings as to lead the writer to almost believe such

openings would prohibit them from being used in a satisfactory

manner. The kind of coal in use was the ordinary Pittsburg
" run of mines," but during the test it was intended to use only

the lump part of the coal. The grates in question were of the

type shown in Fig. 137, and while the openings call for fV, inch on

the drawing, they were not any more than !, inch, due to rapping

the pattern in the mould, and rough edges naturally resulting from

the endeavor to make such small openings. These grates had

a total area for passage of air of only 15:x. The usual size open-

ing for grates burning the kind of coal used is between | and

• Presented at the New York Meeting CDeeeraber, 1893) of the American Society

of Mechanical Engineers, and forming part of Volume XV. of the Transactions.
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^ inch, giving an area of from 35fr to 45^. The draught gauge

showed.46 inch of water, which, while being a very fair draught,

was nothing to brag about, considering the grate openings. Tlie

writer felt that it would not be politic to make a test of the

boiler under the circumstances, but as everything was prepared

at that time to complete the test, it was finally decided to make

same, if for no other reason than to demonstrate what the boiler

could do with only 15^ openings in the grates.

The following results are presented to the Society, as they

^"^ ^

Fig. 137.

seem to be entirely new, and because they appear to be of suffi-

cient interest to be placed on the records.

Figure 138 shows a cross section of the boiler setting, with the

grate area, size of ash doors, and draught outlets. In explana-

tion of the results of the test, I would add that there were two

boilers in the battery, but as the load was not sufficient to be

carried by both boilers, and have each boiler operated near its

normal rating, the manufacturers preferred to have the entire

load carried by one boiler during the test. Consequently it

must be borne in mind, when considering the results, that the

boiler was overloaded to a considerable extent ; in fact, the actual

overload being 60,<.

The stack was 6 feet in diameter and 125 feet high. The

theoretical draught which can bo produced by this stack, with the

average air temperature outside of boiler-room 50" Fahr., and

temperature of gases 553° Fahr., would be .88 of water. The

temperature of the flue was taken close to the boilers, and not

in the stack itself, and taking the friction of the gases into con-
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sideration, ami the fact that there were other boilers connected

with the stack, the gases of which were undoubtedly of much

lower temperature, the average draught as shown by the gauge

approximates closely the theoretical draught.

^V)>— »»Jm B}} h'-Tm^SS^i)

' '

" WJ ' liii ll Vn ^ '

' iiii 1 L\in^mirf^j w
'

iP"'j^ ml'wiJ^'i9^>'>&fii^f»^v>^i»y^''&^»^^-&>9W^ 'i>)('^)>>y^'M^M'^m'^/iy~)i//r'^^w-^yi'w^^^^

M»n* -i-af-

1*^

Fig. 138.

-18-'-

In this particular case, no analysis of the coal was made, but

a fair average of the theoretical efficiency of the coal used is 13|

lbs. of water from and at 212 .

The results show that, with only 15-;; grate area, and with an
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overload of 60$^ above tlie rated capacity, when burning 248 lbs.

coal per square foot of grate surface per hour, the efficiency

obtained was 71^.

Assuming that the volume of air required for theoretical con-

sumption per pound of fuel was 128.4 cubic feet, the total volume

of air required per hour would be 128.4 x 24.8 x 52 = 165,636

cubic feet at 62° temperature.

I have used the following formula to determine what quantity

of air would flow through an orifice similar to the grate openings

and having 15^ of the total area of the grate surface :

t - 32 ^
493 "" p

F=352 j//l 4-^-=4^x^ ..... (1)

In which V = velocity of air in feet per second.

In which i = temperature of air.

In which h = difference in pressure, or height of column of

water in inches.

In which p = barometric pressure.

By substitution, if air is of temperature 62°, the formula be-

comes :

F=367VJ ^^)

and, again substituting values .46 inch for h and 29.35 inches

for^, V = 58.72 feet per second.

Total grate area being 52 square feet, the area of the openings

would be 52 x .15 — 7.8 square feet. The quantity of air, there-

fore, which would pass through this area per second at 58.72 feet

per minute would be 458 cubic feet. This amount, however,

should be multiplied by a coefficient, which I have called .90,

due to the shape of the grate openings. This would reduce the

theoretical quantity of air from 458 to 402 cubic feet per second

;

and per hour the quantity would be 1,447,200 cubic feet. This

is about 8o times the amount actually required for the proper

combustion of tlie coal, which shows that the openings of grates

were sufficient to furnish the requisite amount of air, even had

the damper been partially closed.



BOILER USING GRATES WITH SMALL OPENINGS. 507

1. Duraiiou of test Ci hours.

2. Grate surface, 6 feet 6 inches x 8 feet each 52 sq. ft. each.

3. Heating surface (.tube surface only) 2,088 sq. ft. eacli.

4. Percentage of air opening in grates 15;?

5. Kind of coal used Run of mines

6. Cost of coal per ton (3,000 lbs.) $1.25

TEMPERATURES AND PRESSURES.

7. Average ten^perature of Hue by pyrometer 553° Fahr.

8. Average temperature of feed-water 38.7° Fahr.

9. Average temperature of air outside of boiler room 50° Fahr.

10. Average pressure of steam by gauge 103A^ lbs.

11. Average pressure of draught by gauge .46 inch

COAL AND WATER.

12. Total coal consumed 8,128 lbs.

13. Total refuse 877 lbs.

14. Net amount combustible 7,251 lbs.

15. Percentage of refuse 10.7;?

16. Total amount of water evaporated 56,970 lbs.

17. Equivalent amount of water from and at 212' (factor 1.221) 69,560 lbs.

18. Water evaporated under actual conditions, per pound of

coal 7.00 lbs.

19. Water evaporated under actual conditions, per pound of

combustible 7.85 lbs.

20. Water evaporated from and at 212\ per pound of coal .... 8.55 lbs.

21. Water evaporated from and at 212', per pound of com-

bustible 9.59 lbs.

22. Water evaporated per hour from and at 212° 11,130 lbs.

23. Amount of water evaporated per square foot of heating

surface per hour, from and at 212° 5.46 lbs.

24. Amount of water evaporated per s(juare foot of grate sur-

face per liour, from and at 212° 214 lbs.

25. Amount of coal burned per square foot of grate surface

per hour 24.8 lbs.

26. Amount of water evaporated per $1 worth of fuel, from
and at 212' 13,680 lbs.

HORSE-POWER.

27. Horse-power on builder's rating 200

28. Horse-power on Centennial standard, 34J lbs. of water from
and at 212 ' 322

29. Per cent, above builder's rating 60j?
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DISCUSSION.

Mr. William Kent—To design grate-bars with only 15r^ of air

space would not ordinarily be considered good practice ; but

after Mr. Scheffler's test lias showed that under the conditions of

that test they worked well enough, we may ask why should they

not work ? A common rule for proportioning draught openings

is 1 of the grate surface for area over the bridge wall, 1 through

the flues, and ^ in the chimney, decreasing as the temperature

decreases. As the absolute temperature of the air passing

through the grate-bars, and also its volume, is less than half of

that of the gases in the flues, why should not air openings of ^
the grate surface, or half that of the flue area, be sufficient,

instead of Ib'/o, as in Mr. Scheffler's test ; or 30f^ to 50f/, as in

ordinary practice ? The fact is, that, when the grate-bars are

free from clinker, they rarely, if ever, choke the draught to any

appreciable extent, the real choke of the draught being in the

pile of coal lying on the grate-bars. The amount of this choke

varies through an exceedingly wide range from total obstruc-

tion, as when a partially coked layer forms on top of a freshly

fired portion of soft coal, when too much has been fired at a

time ; to too great freedom from choke, as when anthracite egg-

coal is fired in thin layers, allowing so much air to pass through

the fire as to chill the gases of combustion and destroy the

economy.

Although Mr. Schefiler's test shows that under some condi-

tions l^'/c of air opening through the grates is sufficient, it will

still continue to be good practice to construct them with 50,<.

The increased per cent, of opening costs nothing ; it may be

useful if the coal has a tendency to clinker ; and if at any time

it should be advisable to choke the passage of air through the

opening, it can be done to any extent desirable by carrying

thicker fires, or by partly closing the damper in the chinmej'.

Mr. ^V. B. Le Van.—Was any analysis made of the gases ?

Mr. Scheffler.—^No, sir.

Mr. A. A. Canj.—Was any test made of the quality of the

steam supplied by a boiler evaporating this quantity of water ?

Why was there no calorimeter test made ?

Mr. F. A. Sdir/jhr.—No calorimeter test was made, because the

facts for which I was in search at that time did not demand
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such a determination, but I have tested other boilers set exactly

like this one, and the calorimeter test showed i of 1^ of

moisture, which I would consider to be as good as any other

boiler could obtain. That test was made under circumstances

where the boiler was forced worse than it was in this particular

case, because we used fuel oil and were very much crowded for

the power, and had to obtain about 40^ or 50^ excess of the

rated capacity of the boiler, and fuel oil is exceptionally hard
on the lii'st rows of tubes which take the heat from the flames.
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DLXXVl*

SOME EXPERIMENTS ON THE EFFECT OF WATER
HAMMER.

BY R. C. CARPENTER, ITHACA, N. T.,

(Member of the Society),

AND e. HENRY BARRACLOUGH, B.E., SYDNEY, AUSTRALIA.

t

An examination of all the available literature indicates that very-

little experimental work has been done on the subject of water

hammer, and an equally small amount of theoretical consideration

has been given it. In Vol. XIV. of the Proceedings of the Ameri-

can Society of Civil Engineers there is an account of some tests

made at the water works at Providence, E. I. ; but the velocity

in the mains where the force of the ram was measured was not

large, and, although the tests were interesting in themselves, no

attempt was made to deduce any theoretical results therefrom.

Again, in an issue of Mechanics, August, 1884, Mr. Nystrom dis-

cusses some cases of water hammer, making use in his analysis

of the fact that the momentum of the water in the pipe at the

initial instant of closing the valve is completely exhausted at

the end of that operation. He here assumes that the resistance

met by the mass of moving water is constant, so that his result

gives only the average pressure due to the arrest of momentum,

and not the maximum. Lastly, there are some interesting

articles by Professor Church in the Journal of the Franklin Insti-

tute for 1890, in which the writer traces the variation of the

pressure just above the valve gate for certain definite cases, with

numerical examples. It is there shown that the maximum
pressure produced in a pipe by the closing of a valve depends

not only on the time taken to close it, but also on the manner

* Presented at the New York Meeting (December, 1893) of the American

Society of Mechanical Engineers, and formiiij.^ purt of Volume XV. of the Trans-

actions.

\ The experiments described in the foHowinjir paper were ])erformod by Mr.

H. II. Harracloiigh, U.K., and A. W. WiggleHworlh, M.E., graduate students in

Sibley College, at my request, during the winter and spring of 1892-93.—R. C.

CaUI'ENTKR.
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of doing SO ; or, in other words, the motion of the gate may be

mauageil in such a way that the maximum pressure shall be

much less thau with some diiferent management, the whole time

of closing being the same in the two cases.

METHOD OF TESTING.

The first set of observations was taken on the water hammer
which is produced in a pipe li inches in diameter by the sudden

closing of an ordinary self-closing basin tap, as shown in Fig. 143,

of a size fitting \ inch pipe. After several trials of different meth-

ods for measuring the pressures produced, a Crosby indicator

was finally used, with a 40 lb. spring. The only difficulty encoun-

tered in the use of the indicator was the method of giving a

suitable motion to the drum. It was found impracticable, with

the means at hand, to give it an accurate uniform motion, and

consequently it was given a uniformly accelerated motion with

the aid of the drum spring of the indicator itself. Before mak-
ing each test the drum was pulled out to its farthest extent, and

then it was allowed to run back, as it did so causing a small fly-

wheel to which its cord was attached to rotate ; the indicator

card was taken during this return motion. The assumption is

here made that the drum spring exerts a uniform pull at all

portions of its stroke Even if this assumption is not perfectly

accurate, it is sufficiently true for the purpose of the present

investigation. The time taken for the full turn of the drum was
found by means of a chronograph owned by Sibley College, and,

therefore, on the above assumption of a uniform pull, the veloc-

ity of the drum at any particular point is determinable. The
average length of line drawn on the chronograph drum in one

second was found to be 2.15 inches, while the average length

drawn during the time taken for the full travel of the indicator

drum was 2.63 inches ; or, in other words, the time taken for

the full travel of the drum when moved by its own spring was
2 63
k' 4; or 1.23 seconds. The distance on the indicator card corre-
2.1o

spending to this motion was 5.28 inches, so that the values of

8 (the space) and t (the time) in the equation

are now known, and / may therefore be calculated ; and hence
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for any given value of ,9 the corresponding time will then be

known.

Points, through which the accompanying curve (Fig. 146) was
drawn, have been obtained in this way, and the curve was used

to determine the time of any particular phenomenon shown on

the indicator cards.

METHOD OF OBTAINING DIAGRAMS.

The indicator and water tap were attached side by side to a

small water-main of H inches internal diameter, the static press-

ure in which was about 30 lbs. per square inch. The actual

diagrams obtained are shown in Figs. 139 to 142. The suc-

cessive waves produced are clearly illustrated, there being sev-

eral distinct ones in each case. Several results may be obtained

from the diagram, as, for instance, the time taken in closing the

tap The point a (see Fig. 139j marks the extreme limit of move-

ment of the indicator drum, and corrosponds to the zero or ori-

gin of diagram A. At h the tap begins to close, and is entirely

closed at d. By dropping a perpendicular dc from d, and meas-

uring the difference on the diagram of the ordinates correspond-

ing to the abscissae ah and ac, the time corresponding to he is

obtained, and this is the time taken to close the valve. In the

present instance it does not exceed joir of a second.

Similarly, by dropping perpendiculars from eacli of the wave
crests, the time between each successive pair of waves may be

obtained, and it can thus be determined whether the waves are

isochronous or not. This was done on several cards, showing

that the waves are practically isochronous, though the method
used is not accurate enough to settle the matter with absolute

certainty.

At the time of taking the diagram (Fig. 139), there was an air

chamber on the main, some distance from the indicator and tap.

This was afterward removed, and the diagram sliown in Fig. 140

taken, in order to see what effect the air chamber had on the

water hammer. This chamber was then filled with water, and
diagram (Fig. 141) taken. Tliis is a])ractical case, since ordinary

air chambers when in use often become full of water. Tlie cards

shown in Figs. 140, 141, and 142 were taken one after the other,

and represent the case of no chamber at all, an air chamber, and

a " water chamber " respectively. As might be expected, the
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smoothest curve, and that showing least maximum pressure,

appears when the air chamber is used, while the most irregular

card is produced by removing the chamber altogether, the water

:s -'

:8

chamber producing an effect intermediate between the other
two.

Several other sets of cards were taken at different times and



514 EXPERIMENTS ON THE EFFECT OF WATER HAMMER.

under different velocities of flow, the differences from the set

shown in each case being small, and due, probably, to variation

in time of closing the tap.

g 2

1
I

Ik

:i'

UJl

The average pressures are essentially as given in the following

table. The pressure is expressed in pounds above atmospliere.
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TABLE SHOWING EFFECT OF WATER HAMMER IN U-INCH PIPE,

PRODUCED BY OPENING AND CLOSING A i-INCH TAP.

Static pressure
No. of distinct blows
Maximum pressure
Minimum pressure
Time pulsations continue. . .

.

Pressure at end of oue second
Ratio of increase of pressure.

NO AIR CHAMBEK.

Fig. 1. Fig. 2.

29.5 28.5

8 9
72.5 69.0
2.5 16

0.8 sec. 1.2

36 36
2.47 2.56

Air
Chamber.

27.5
9

61.5

10
0.8

31.5
2.15

Air Chamber
(illed

with water.

28
9

76.0
9

1.1 sec.

36
2.70

A study of the diagrams shows that the wave phases are more
regular in case of the air chamber, and have a regular form dis-

tinct from and diflferent from the cases where no air chamber

Fig, 143.

was used. In the case of a water chamber, or of no air chamber,
the wave motion is decidedly irregular, and the form quite

different from that in the preceding case.

WATER HAMMER PRODUCED BY FULL-SIZED OPENING.

These tests, although interesting, were not considered satis-

factory, owing to the low velocity of water in the main, the area
of which was large compared to the size of the tap orifice, and a
new set were undertaken in which the hammer was produced by
suddenly closing a gate valve across the full section of a 2-inch
wator main. By this means the test was made with a much
greater velocity than in the previous case, and the conditions
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1^

corresponding more nearly to the pressures produced in actual

practice.

The following sketch (Fig. 144) illustrates the arrangement of

the apparatus used :

A is the valve through which the water enters, and by which

it can be throttled so as to vary the pressure from 30 lbs. to

5 lbs. per square inch.

B is an air chamber. When it was

desired to make a test without any

chamber, it was unscrewed, and a plug

put in its place. The " ivater chamber
"

was constructed by turning B on the pipe

so that it pointed vertically downward.

C is a Tabor indicator for measuring

the pressures produced. A 150 lb.

spring was used. The method of mov-
ing the drum, and the characteristics

of the card are explained below.

D is the throttle valve used for sud-

denly arresting the progress of the water.

It was made by cutting the thread off

the spindle of an ordinary gate valve, so

that the valve could be shut almost

instantaneously by means of the lever

attached to the top of the spindle. Jiis

a Pitot tube for measuring the velocity

of the water in the main. This was

calibrated before making the tests, by
observing the heights which the water

rose in the tube, and noting the corre-

sponding times which it took for a

measured volume of water to flow through

the mouthpiece K The attached curve

(Fig. 147) shows the results of this cali-

bration. The Pitot tube was used to

determine the velocity, instead of ob-

serving the amount of water which passed at each operation,

on account of the great saving in time thus effected ; and althougli

this method is not quite as accurate as the other, yet it is evident,

from the regular character of the curve, tliat tlio results obtained

by its use will be a fair approximation to the truth.
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With regard to the indicator diagrams obtained, it was decided

that although there were many interesting points in the subject

to be determined, yet the one of most practical importance was

the maximum pressure produced under any particular set of cir-

cumstances, and so in this series of tests no attempt was made to

determine the time value of the horizontal dimensions of the
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card, and the drum of the indicator was in consequence only

moved by hand.

Tests were made with velocities varying from 3 to 9 feet per

second, and under the following conditions

:

(1) With no air chamber on the pipe at all.

(2j " an " " capacity, 320 cubic inches.

(3) " no " " " "
40 "

(4) " a water chamber " 320 "

The method of making a test was as follows :

The valve B was raised to its full height, and the water allowed

to flow for a short time, till its motion became steady. The read-

ing of the Pitot tube was then observed, and the valve D sud-

denly closed, the pressure produced being registered by the

indicator.

The water main was stayed underneath, at each end, during the

tests, to keep it steady ; but the shock produced by closing the

valve was so great as to make the whole apparatus vibrate badly,

and consequently the diagrams are not nearly so smooth and

regular as in the first series of tests ; but this was a matter of

small importance, as the maximum ordinate was not affected, and

that was the only measurement made from the card. An exam-

ple of the general type of diagram obtained is given in Fig. 145.

It will be noticed that the point of minimum pressure falls

some 15 lbs. below the zero line, which can only be caused by the

momentum of the moving parts of the indicator. No doubt the

same thing occurs at the point of maximum pressure, so that these

readings are probably too high by that amount. Possibly the

point of minimum pressure would not fall even as low as the zero

line were it not for the momentum of these moving parts ; but, as

in many cases where the maximum pressure is small and the

movement of the parts correspondingly slight, the minimum
pressure falls to zero, or nearly so, it is probable that only the

pressure below the zero line is due to the momentum of the

parts.

It is also noticeable that, in nearly every instance, the wave

of maximum pressure is the second, and not the first, as would

naturally be expected.

The table which follows gives the results of the test, and the

accompanying curves (Fig. 148) show the variation of maxi-
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mum pressure, with velocity of flow for the cases of no air

chamber, and for two different sizes of air chambers. The curve
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for the case of the water chamber is not shown, as it lies close

to, and a little above, that for the case of no air chamber at all,

and it would only have confused the diagram to insert it.
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The two remaining curves are fairly uniform in character.

All three curves have their origin in the point of static press-

ure of the water in the main, as this pressure is always acting.

The results are interesting, as showing the high pressure that
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may be produced by stopping the flow of water through a
pipe, even when the velocity is small. It is also interesting to

note the relative effect of the air chambers : although the larger

one was eight times the volume of the smaller, it only halved
the pressures produced by the hammer.
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The present set of experiments do not pretend to have demon-

strated any new principle, but, as was stated at the beginning,

the amount of experimental work done on the subject is very

meagre, and these results may be of assistance to anyone intend-

ing to investigate the subject more thoroughly ; while they also

ma}' be of service to the hydraulic engineer, as showing the maxi-

mum possible pressure which can be produced by water ram.

under circumstances similar to those surrounding this series of

tests.

LOG AND RESULTS OF TEST.

Water Chamber. No Air Chamber. Small Air Chamber. Large Air Chamber.

Velocity. Pressnre. Velocity. Pressure. Velocity. Pressure. Velocity. Pressure.

3.92 152 2.92 98 3.92 94 3.70 50
5.27 203 3.15 111.5 4.62 112 4.42 56
6.00 230 3.33 122 5.37 128 5.02 66
6.65 242 3.80 117 5.82 141 5.45 78
6.65 256 3.97 136 6.46 164 6.02 85
7.17 271 4.02 141 6.92 188 6.62 90
7.37 297 4.20 145 7.42 208 7.02 97
7.47 294 4.25 145 7 90 242 7.25 103
7.85 295 4.52 161 8.26 249 7.73 104
8.25 304 4.62 164 8.07 122
8.52 315 5.05 175 8.18 120

5.22 167 8.45 120
5.37 180
5.77 248
6.02 230
6.02 239
6.32 244
6.87 271
6.93 256
7.07 2G6
7.13 272
7.25 281
7.52 291
7.57 307
7.70 309
7.75 305
7.90 305
7.87 293
8.27 291
8.35 270
8.55 270
8.55 277
8.45 286
8.60 289
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ADDED AT THE MEETING.

lu the experiments described, the mass of water in motion

was indetiuite, as the pipe on which the experiments were made
was connected tiirectly to the university water-works. The

total amount of water in motion was, as nearly as could be

determined, as follows : 30 feet, 2-inch pipe ; 33 feet, 2^-inch

pipe ; 150 feet, 3-inch pipe ; 375 feet of 6-inch pipe. These

pipes were supplied by a reservoir about { acre in area, and the

static head was practically constant at 29 lbs. ; the maximum
variation not exceeding more than H lbs. in either direction.

These are about the conditions occurring in ordinary city water-

works.

In the second series of experiments, which are described in

the paper, the hammer was produced by closing the valve D,

shown in Fig. 144 ; the velocity of the outflowing water was

regulated by opening the globe valve A a greater or less amount.

FC'=m= =£)

Fig. 149.

With the pressure of 29 lbs. per square inch this method was
very satisfactory and gave uniform results, although it may
have obscured the effect by addition of unusual conditions.

It was desirable to perform a similar series of experiments

under such conditions as would give an accurate knowledge of

the mass of water in the system, which evidently contributes

to produce the shock. These experiments were conducted by
Messrs. Houghton and Spencer, graduate students in Sibley

College, under my general supervision, in the following manner

:

A 2-inch pipe was led, as shown in the sketch (Fig. 149), to

a tank about 2^ feet by 3 feet in area, and 2 feet in depth, which
was supplied with water from the main supply pipe by a closet



524 EXPERIMENTS ON THE EFFECT OF WATER HAMMER.

flo-at-valve. This apparatus provided a head which was quite

constant, its maximum variation proving to be less than } of a

foot. The head being only about 4 feet, it was found necessary

to adopt a different method of regulating and measuring the

velocity, as the water would not rise of sufficient height in a

Pitot's tube to be seen ; the plan was adopted of leaving the

jiipe fully open and regulating the flow by screwing bushings of

various sizes into the discharge opening F. The discharge was

received into a tank and weighed.

The indicator was arranged as shown in the sketch, except

that it projected horizontally from the pipe instead of vertically.

The diagram was drawn, not on the regular indicator drum, but

on an independent drum C, which could be revolved at a

perfectly definite and regular rate of speed by a cord passing

over the pulley P, and driven by a motor. This method,

although giving low velocities, was no doubt an improvement in

every respect over the other, as in calibrating these discharge

orifices the different measurements of the time required to pass

a given weight of water differed from each other by less than

1 second.

The following are the data and results of the tests made by

Houghton and Spencer : Length of pipe, from supply tank to

discharge valve, 53 feet 5 inches, li-inch pipe, and 4 feet 6

inches of 2-inch pipe. No air chamber. Area of 1^1 -inch pipe,

2 038 square inches ; area of 2-inch pipe, 3.356 square inches —

0.0233 square foot. Circumference of drum on which diagrams

were taken, 19.2423 inches. Distance moved on drum in 1

second of time, 1.282 inches. Distance from indicator to

discharge valve, 3 feet 6 inches. Weight of water in pipe,

53.75 lbs. for test A.
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Tett A, Set No. 1.—Discbarge under 4-foot heat through | to ^^ inch bushing.

Rate of flow, 1 cubic foot in 56i seconds. Velocity in feet per second in

•3-inch pipe, 0.70 feet per second; in li-inch pipe, 1.25 feet per second. Dia-

grams taken with 40 spring.

Pressures from Atmospukre. Time in Seconds.

So. OF Test.
Maxiinnm Minimum
above. bi'low.

Second wave
above. Of closing valve.*

Of one
vibration.

1 58 10 24 0.C23 o.ir

•1 56 10 25 0.024 o.ir

3 60 10 25 0.020 0.17

4 58 9 23 0.023 0.18

5 58 10 23 0.023 0.18

Average 5S 9.8 22.8 0.0226 0.174

Test A, Set No. 2.—Discharge under 4-foot head, through i to f inch bushing.

Rate of flow, 1 cubic foot in 39 seconds. Velocity in 2-inch pipe, 1,105 feet

per second ; in li-inch pipe, 1.82 feet per second. Diagram taken with 80

spring.

PkESSVRE Fr.OM
Atmosphere.

No. OF
Test. Maxi- Mini- Second

mum mum wave
above, below. |

above.

1 80 10
2 92 10
3 88 10
4 90 10
5 88 8
6 90 8
7 74 8

Average.

.

86 9.1

Time in Seconds.

Of clos-

0.023

0.023

Ficx. 150

Test A, Set No. 3.—Discbarge under 4-foot head through bushing, | to | inch

pipe size. Flow, 1 cubic foot in S2^ seconds. Velocity iu 2-inch pipe, 1.33

feet ; in 1^-inch pipe, 3.2 feet per second.

Fig. 151.1 83 10 36 0.16

2 92 10 36 0.24

3 H4 10 30 0.16

4 102 10 48 0.24

5 88 10 38 0.03 0.18

6 108 12 50 0.02 0.18

erage

104

94.6

10 39 .... 0.18

* Time of closing the valve in every case was estimated as the difference in the length of the
first and succeeding waves. This is to be considered only an approximation of the actual time
taken.
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Test A, Set No. 4.—Discharge under 4-foot head through bushing, 1-inch to l-

inch pipe size. Flow, 1 cubic foot in 27.8 seconds. Veloeity in 2-inch pipe,

1.54 feet per second ; in l^-inch pipe, 2.55 feet per second.

Pressure from Time in Seconds.
Atmosphere.

No. OF
Test. Maxi- Mini- Second Of clos- Of one

mum mum wave ing vibra-
above. below. above. valves. tion.

1 103 9
2 114 12 0.17
3 120 8 38 0.20 0.02
4 120 8 42 0.20 0.02
5 124
6 136
( 116 39
8 119 12 42 0.17 0.01
,9 114 9 40
lo 114 10 42 0.03
11 110 10 40 0.03
12 100
13 114
14 100
15 106 10 30 0.17 0.03

Average ...114

Fig . 152. f

Test A, Set No. 5.—Discharge under 4-foot head through bushing, l^-inch to 1

inch pipe size. Flow, 1 cubic foot in 25.2 seconds. Velocity in 2-inch

pipe, 1.705 feet; in 1^-iucb pipe, 2.85 feet.

PBESSUBE FROM ATMOSPHERE.
A

No.
Mfixi-

Fig. 153.

OP mum Mini- Second

Test.
above mum wave
first below. above.
wave.

1 122 1 30 I

2 110 1 20
3 104 2 22

\
4 126 2 26 \ 1

5 no 2 20 r\ I 1

6 106 2 12 /^ r\ I 1

7 102 2 10 >^ / \ / / V
8 104 2 26 ^ W Vy i

'

Aver- \ /
age.

f
114 1.75 21 vy

In this test, waves not of Huttlcient number to cstimnte time interval.

U
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Te»t B.—Discharjre valve moved closer to supply tank, making in the system

20 feet lA-inch pipe, 4| feet 2-inch pipe. Arranged as before, except that

drum on which diagrams were taken was moved by hand. Weight of

water held by the pipes and constituting the mass in motion, 24.3 pounds.

The results give the maximum pressures only.

Velocity, Feet, per Second. PKK88URE FROM Atmosphere. Time of
discliarge,
one cubic

foot.

TestDlSCHAROE

Bushing.
l|-inch pipe. 2-inch pipe.

Maximum
above.

Sec-
ond
wave.

Minimum
below.

No.

ftoi

f to i

J toi

Ito i

1.29

1.29

2.01

2.54

3.3y

0.805

0.805

1.25

1.58

2.06

22.5

21

61

85

125

11

7

30

45

55

5

5

10

8

10

Seconds.

54.2

54.2

34.87

27.8

21.1

5—6

.B-7

B-8

B-9

General Results.

The general results of the two tests are coordinated with

respect to maximum pressures and velocities in Fig. 154. The
results show in each case an increase in pressure proportional

to the velocity. The pressures for test B, in which case 24.3

lbs. of water was in motion, are much less than for test A, in

which case 53.75 lbs. of water was in the pipe. This is true for

corresponding velocities, but it is to be noted that the pressures

for the same velocities are not proportional to the Aveights. A
conclusion drawn from a test involving so few cases cannot

of course be general in its nature, as it may be due to special

conditions which existed at the time of the test, but supposino-

the case shown by the diagram a general one, or at least note

the deduction from the relative inclination of the lines shown
on the diagram. It will be seen that at a velocity of 5.4 feet

per second, the pressure in each case would be 270 lbs., or in

other words the jjressure at the point would be the same in

either case. I am of the opinion that this is due to the peculiar

alignment of our pipe system, there having been four more
elbows in use for test A than for test B.

The equation of the line nearly representing the tests made
in case A would be

p — 41.5 V +
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Fig. 154.

That representing the tests made in case B would be

p^ — 51 V - 43.

It will be noticed thatp = p' when v - 5 35.
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While other experiments are needed to make our information

more definite and certain, it wouhl seem that the effect of the

water, liowever, is a function of, first, time of closing the valve

;

second, velocity of column of water ; third, mass of water in

motion.

Pi of. De Vohoii Wood.—I was interested in this practical ex-

periment, and sought data to see if I could make a formula that

would be of any service in the experimenting. So far as inves-

tigated, I concluded that an experiment similar to this—I don't

know about the one that is reported in the paper, in which the

pipes have many angles and different diameters—but where the

mass passes through a uniform or comparatively uniform tube,

that the water hammer would vary nearly inversely as the time

of closing the valve. By closing it exceedingly quickly, a very

high pressure might be obtained. There is one difficulty in the

investigation, which I have not thought out, and that is in

regard to the elasticity of the water. In the investigation made
I assumed that the energy of the water was all destroyed in

producing the hammer. But the fact that water is elastic, is

vastly more comjDressible than iron or steel, will modify the

numerical results. It may be yet of some service in making
experiments, and I am very glad to get these last or later facts

in regard to it. I noticed apparently in the first figure that the

closing of the valve was uniform and that the pressure rose uni-

formly with the time. That is one of the elements which I was
looking for. Since then Professor Carpenter's assistant has
informed me that I cannot depend upon the fact that the rate of

closing was uniform. Still, where it is exceedingly quick, per-

haps the laws deduced will be of some service, although not

strictly exact.

The following is the analysis :

The work done during the closing of the valve will be

\^pd8-Ypvdt (1)

in which p is ^^^ pressure on the valve at time f, and v the

velocity of the water through the gate. It is observed that

the pressure above the normal varied nearly as the time, and
assuming this to be the law, we have

Px = aty

34
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where a is a constant. If ^' be the normal pressure, then

p — p' + />, — p^ + at.

Assuming that the velocity varies inversely as the gate open-

ing, and if k be the area at full opening, then at time t the

velocity will be

V -^ (1 - h t) K

where Fis the velocity in the pipe with the valve fully open.

Substituting in equation and integrating gives

(p't, + ^at,'-^p'bt,'-^ab t,') V, . . (2)

When the time is t^, the pressure will be greatest, which call P ;

then

P = «/,

and at the same time v = o
;

.'., 1 hti — o, or b ~ J-

These reduce (2) to

{hpUr + iPt,) V,

which will be the work done per unity of section of the pipe. If

it now be assumed that the entire energy of the water in the

approaching pipe be consumed in producing this work, the

above will equal ^ M V^, and if / be the length of the pipe, w
the weight of unity of volume of the liquid, then for unity of

section, the kinetic energy will be

to

The total maximum pressure would be p' greater, or

F + p = — 2 />

.

if
'

\
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If the iuitial pressure be zero, or so small that it may be
ueglected, the

3 <rl rP='
gi.

Or, the maximum pressure would increase with the momentum
7 T^

and inversely as the time of closing the gate.
Ct-)
Mr. C. IV. Xaso)i.—In the construction of a formula, if niceties

are to be observed, there would also have to be taken into con-

sideration the elastic expansion of the tube, which would prob-

ably be even a greater factor than that of the compressibility of

the Avater, to affect it ; then, if a formula were devised, the diffi-

culty of application would lie in measuring accurately the time

of valve closure or stoppage of the water column. This would
evidently be only an infinitesimal part of a second, and it

would require an extremely accurate apparatus to measure the

interval of time between the first retardation of movement in

the water and its final cessation of flow.

Frof. R. C. Carpenter.^—The formula given by Professor Wood
seems to agree fairly well with the results of experiment A, but

does not give a uniform coefficient for experiment B. It was
not possible to determine with exactness the time of closing

the valve, but it seems quite probable that in the various

experiments the time of closing the valve was fairly uniform,

and hence we can consider this quantity a constant.

His formulae for our experiments, supj^osing valve closed uni-

formly, would be reduced to the form

Maximum pressure = constant x weight x velocity (C).

In the following table each coefficient is given.

E.xPEKiJCEXT A : wt = 53.75 i.bs., head 4 ft. Experiment J5 .• wt = 24.3 lbs., head 4 ft.

Xo. Velocity. rr^"re. Constant in Eq. 0.

1

No. Velocity.
Max.

Pressure.
Constant in Eq. C.

1

2

3

4

5

1.25

1.82

2.2

2.55

2.85

67.2

98.

118.5

137.

153.5

0.86

0.88

0.802

0.83

0.745

1

2

3

4

1.29

2.01

2.54

3.32

22.5

61.

85.

125.

0.72

1.25

1.3'J

* Author's Closure, under the Rules.
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It is noticed that for experiments A the coefficient is fairly-

uniform, but for experiments B they increase nearly with the

velocity.

Elastic Theory.

It being well known that water is a very elastic medium
and also very compressible as compared with iron or steel, it

occurred to the writer that it might be of interest to consider

the problem of maximum pressure which might be produced

by one elastic body, i. c, the water, impinging upon another

body, the pipe, which is elastic but also immovable. The com-

putation for such a case is given ; the results would indicate

that the maximum velocity was nearly independent of the mass

and dependent only on the velocity. It is to be noted that this

supposition requires the mass of moving water to be instantly

stopped, or that the time required for closing the valve be zero.

It is of course an approximation, but it is of interest, especially

since it is the only hypothesis that will explain fully the recur-

rence of wave pulsations at equal intervals of time.

C
Suppose that M — — impinges with velocity, v, upon an im-

movable mass, all its vis viva is expended in compressing the

latter body.

Denote the maximum pressure in excess of static by P, ; the

longitudinal compression of the water by /\,, that of the iron by

A., ; the area of cross section by F, and F„ ; moduli of elasticity

by E^ and E^ ; lot of a cubic foot by v) ; total weight of water

moving by G ; length by ?, and /, ; total space moved through

by (J. We have for the work done ;

(1) h P(y= }.Mv' = hv'—.

(2) Also, o- = A, + A.^.

PI
(3) E = -jr. , by definition modulus elasticity.

P/ FE FE
<4) A, = -^; pnt //, =Y^ and IL =^;

P . . P
then (6) A, = .

. , and similarly A, = —-.
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Substitute values of A, and -V, in (2).

io)^ = K^K = P{j^^^j^j)

_ p / J^ ,

_l^\ _ p /K + H„

From wliicli

(6 1 P = o\ -^—fj-) ; substitute tins value in (1).
\ Nj-h iZj /

rj JSJI^ G
- H, + H, g

From which we find

, J_T , ZJ /'»

(8) (J = V V —'„ rx
'

•— ; substitute this value in (6).

y^) r ^y^_^jj^'g ^ F,E,K + F„EJ: g'

The equation as given above is general, but for the case of

water impinging against an obstruction of the full size of the

pipe, / = /„, F, =F„.

For water E, = 300,000 lbs. ; for wrought iron, E, = 25,-

000,000 lbs. ; for cast iron, E = 12,000,000.

By substitution we have for maximum pressure produced by-

water hammer in a wrought iron pipe,*

/F'~P
(11) P = 544 V k y -^ — , in which A; is a coefficient to be

I g

determined by trial ; in which G — the total weight of water

flowing, and g = the force of gravity (32 16).

In a cast-iron pipe

* In these formulae we have supposed the diametral expansion to be zero;

since the water changes in volume from forty to eighty times as much as the

pipe, this error cannot be of great importance. We have used in the examples
values of velocity for 2- inch pipe. The diagram gives velocity for 1^" pipe.
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(12) P = 542 V Tcy -1—
^

Application.—In the experiments made by Houghton and

Spencer, first set (A), I = 57.92 feet = 695 inches ; F = 3.35

square inches.

The weight of water in the pipe was 51 lbs. nearly.

Material of pipe, wrought-iron.

.09.^T -7^ ^"695" 3272^
^^-^^-^^^

So that for this case the maximum pressure

P = 49 V ^.

For second set of experiments (B), I = 24.62 feet = 295.5 inches,

6^=241bs., i^=3.35.

3.35 24
^ I a *^ 295.5' 32

V.00855 =: .0925.

For this case, P = 50.2 Jc v.

In any case, by consulting equation (12) it is seen that since tv

w
and g are constants, substituting ¥ for k y — , we have P = k'vF

(13).
^

This would imply that the maximum pressure was a function

of product of velocity and area of cross section of pipe.

For the cases above considered, area of pipe was constant

;

hence, according to this theory, for this case P woukl be a func-

tion of V, so that we might Avrite P = k"v (14).

Tabulating the results of the two sets of experiments, we find :

Experiment A: wt = 53.75 i,b9. Experiment B: w< = 24.3 lbs.

No. Velocity.
Max.

Pressure.
Constant in Eq. 14. No. Velocity.

Max.
Pressure.

Constant in Eq. 14.

1

8

3

4

5

1.25

1.82

2.2

2.55

2.85

67.2

1)8.

118.5

137.0

153.5

53 5

r)3.7

54.0

53.7

53,7

1

2

3

4

1.29

2.01

2.54

.-1.32

22.5

61.

85.

125.

17.4

30.5

83.5

37 5
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It would seem, on the whole, that considerable more experi-

mental work is needed to determine the probable laws of varia-

tion due to changes of conditions in the piping or in opening

or closing the valves It is the intention to continue the series

of experiments which have been already described, and the

results will form the subject of a paper at the next meeting of

the Society.
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STEAM PIPING AND EFFICIENCY OFSTEAM PLANTS..

BY WILLIAM A. PIKE, MINNEAPOLIS, MINN.

(Member of the Society.)

In some recent experience with steam plants, the writer has

been impressed with the apparent lack of good judgment and the

application of correct principles in the arrangement of the piping

between boilers and engines. In many cases, every effort seems

to be made to select the best engines and boilers for the particular

purpose in hand, but when it comes to the question of connecting

them with steam-pipes it would appear that it was thought that

anything with a hole through it would do. Whether the piping

is right or not, affects the economy, efficiency, and safety of a

steam plant more than most engineers seem to think, and the

writer believes that poorly contrived piping is in many cases as

detrimental to high efficiency as the use of the wrong type of

engine or boiler would be. The following are, perhaps, the points

that should be most particularly looked out for in the design of a

system of piping

:

(1) The piping and accessories should be so arranged that prac-

tically dry steam shall always be delivered to the engine.

(2) The steam should reach the engine with very little " drop "

in pressure.

(3) The piping should be so planned and valves so placed that

water cannot under any circumstances collect anywhere, except

in places especially arranged for that purpose.

(4) Wherever practicable, and especially where more than one

engine is supplied from one battery of boilers, the piping and

valves should be arranged so tliat in case of accident to any part,

it can be shut off without shutting down the whole plant.

These requirements are not offered as new or original, but

simply as covering points often neglected, and as furnishing texts

for this paper. The first requirement given above, viz. : that the

Presented iit the New York Meeting (December. 1893) of the Aniericnn

Society of Mechanical Engineers, and forming part of Volume XV. of the

Transactions.



STEAM PIPING AND EFFICIENCY OF STEAM PLANTS. 537

steam slioukl reach the engine tlrj, is one often neglected, and

the writer has in mind ])h\uts of considerable magnitude where

absolutely no provision is made for drawing off condensed, or

entrained, water, except through the engine itself, and the not

uncommon cases of broken cylinder heads and pistons testify as

to the effect of such designs. In these days of efficient pipe cov-

eiiugs, of separators, steam loops and traps, there is no excuse,

but false economy, for allowing water to reach the engine. In

connection with point No. '1, a plan for disposing of water, fol-

lowed with good success, will be spoken of.

(2 1 Steam should reach the engine with but little drop in press-

ure. The effect that an improper arrangement of piping has on

the pressure with wliicli the steam reaches the engine, is probably

not as well known as it should be, and the principal object of this

paper is to bring it to the attention of engineers, and to show how,

in one case, the evil has been remedied.

The conditions of the case used in illustration were as follows

:

There were ten sinirle acting engines, 16 x 27 x 16 inches,

arranged on two sides of an engine room, and making 250 revolu-

tions per minute. They were supplied by a number of boilers,

and the steam from these first passed to a drum, 28 inches in

diameter and 45 feet long, at the top of the boiler room and

between two rows of boilers. From this drum separate 8-inch

pipes ran to each of the five engines on the side nearest the boil-

ers. <'At the time refen-ed to. the other five were not connected.)

The average length of each 8-inch pipe was about 76 feet, and
there were five right-angle turns and two valves in each pipe.

On testing these engines it was found that there was a great

difference between the boiler pressure and that at the engines.

This difference varied from eight to twenty pounds, depending

on tlie amount of work being done, and averaged fourteen pounds,

during usual work.

To find out, if possible, something as to the reason for this drop,

an indicator was placed in connection with one of these 8-inch

feed-jiipes, just outside of the throttle-valve, which was close to

the engine. At the same time cards were taken from the engine,

and Fig. loo represents the result.

The nun-ow diagram at the toj) is that taken from the pipe,

while the lower one is a simultaneous diagram from the high-

pressure cylinder.

As will be seen, the steam is at the pressure a at the beginning
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of the stroke, and at admission falls suddenly to b, then during

admission keeps nearly constant until complete cut-off at c, then

the pressure rises to d, and gradually settles down to a again at

the beginning of a new revolution. From these diagrams it can

be seen that, as there is practically no steam-chest to these

engines, and as they are single acting and cutting off at about

half stroke, there is a sudden and great demand on the 8-inch

pipe during admission, a demand so great that the steam cannot

keep up its pressure ; and, more than this, it appears that a vibra-

tion of the steam is set up in the pipe, causing the pressure to

fluctuate from considerably below to somewhat above boiler press-

ure. This motion of the steam, of course, requires energy to be

used up which is not therefore available for work in the engine.

Boiler Pressure

Atmosphere

H. P..*80 Spring

FlO. 155.

In attempting to account for this lost energy, the upper diagram

has been treated as an ordinary indicator diagram, representing

the work done in an 8-inch cylinder (the size of the pipe), and of

a length equal to that of the volume of steam (in an 8-inch

cylinder or pipe) required to supply the engine. Then, also, the

loss due to friction is taken into account in the same way. The

sum of these results is then compared with the extra work the

steam would have done if admitted to the engine at boiler pressure.

This last is shown in Fig. 156, in which the shaded part AB rep-

resents the additional work that would have been done if the

steam had been at boiler ])ressuro instead of having the admis-

sion line a-&, as was actually the case.
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As jiu examjilo, is tiikeu the case of two diagrams, taken simul-

taueously ou October 21, 1892, at 9.20 a.m. :

The area of the pipe diagram is 0.4 square inch ; the lengtli of

the pipe diagram is 3.1S square inches ; the mean effective pressure

is 10.06 lbs. ; and the length of an 8-inch cylinder, corresponding to

the amount of steam used, is 3.0 feet. Then the work done =
Pe LAN = 10.06 x 30 x 50.26 x 1 = 1,517 ft.-lbs. The pressure

loss, due to friction, is estimated, from the tables in " Steam," to be

2.19 lbs. ; therefore the lost work due to friction = 2.19 x 50.06 x

3.2 X 1 = 330 ft.-lbs., or a total of lost work = 1,847 ft.-lbs.

The area added to the engine diagram, corresponding to AB,
Fig. 156, = .28 square inch ; the length of the whole diagram

= 3.3 inches, and the lost mean effective pressure = 6.79 lbs.

Fig. 156.

This pressure corresponds to 1,819 ft.-lbs. per stroke. Thus we
find from the pipe diagram and the estimated friction a loss of

1,847 ft.-lbs., and the corresponding loss as figured by the engine

diagram, 1,819 ft.-lbs., or an agreement within 1/v^-
This analysis is added as an attempt to account for the loss,

and, whether coiTect or not, does not affect the fact that in tins

method of piping there is a serious loss of pressure, causing a

corresponding decrease in efficiency.

As in this case, the "drop" was so great, it was considered

desirable to endeavor to prevent it.

Two plans were suggested, as follows : First, when the amount
of steam used was considered, it was seen that, due to the fact that

the engines were single-acting, the demand while it lasted (with

a cut-off of ^, say \ of the time of a revolution) was excessive for
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au 8-inch pipe, though all available data would show the pipe

amply large for a uniform flow of that amount; and so the first

idea was to enlarge the pipe, still piping separately to each engine,

with the idea of reducing the effect of break-downs. But the

same reasoning led to the fact that an 8-iuch pipe would be amply

large if the flow could only be made practically uniform. This

led to the second plan— viz., to place a reservoir for the steam

close to each engine, and thus enable the flow through the 8-incli

pipe to be more nearly uniform. In order to get information as to

such a plan, the arrangement shown in Fig. 157 was extemporized.

The 8-inch pipe leading to engine No. 2 was cut, and a drum,

Engine No. 1.

i

o

Engine No. 3.

X

u r.|..

Front Elevation. Side Elevation.

Fig. 157.

3 feet X 5 feet, put in close to the engine; from this drum a

10-inch pipe led to a 14-inch pipe, about 13 feet long on the floor,

and from this 8-incli pipes led to engines 1, 2, 3. The object was

to get the effect, on drop of [)ressure, of receivers fed hj one 8-inch

pipe when supplying one, two, or three engines. ]\Ricli to the

satisfaction of the experimenters it was found that when engine

No. 2 alone was su])i)lied, through the drum, the drop was but

a trifle over 1 lb.
; that when two engines were fed, the drop was

a little over 2 lbs. ; and when all the three were supi)lied by

one 8-inch pipe, through tiie receivers, the dro)> was about 5 lbs.

These results confirmed the theory that an 8-inch pipe was easily
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ample for two oiigiues without excessive drop, and, that when

supplying three engines in this way, the drop was but Httle

more than a third of that when but one engine was fed by a

single 8-inch pii>e without receivers. With this data as a basis

new piping was designed for the plant, as follows : an extra drum
was put in the boiler-room, and both drums connected with

suitable valves to a loop of 8-inch pipe, running past each of the

engines on the side nearest the boiler-room, with a drum, 3 feet x

5 feet, between this pipe and each of the engines. The nipples

connecting the drums with the engines project about a foot into

the receivers, as shown by the dotted lines in Fig. 157. to a, as

separators for entrained water. Also each receiver was connected

with a " steam loop,'' to carry this water back to the boilers. On
the farther side a similar plan was followed, except that the loop

was made of 10-inch pipe on account of the greater distance

from the boilers. All pipes and drums were covered with an

asbestos air-space covering, and valves were placed between each

pair of engines to allow of shutting off any part in case of a break-

down, without shutting dow^n the rest of the plant. Tests made
of this system show a drop of only 2 lbs. on the farther side of

the engine-room, when all five engines were under full load and

fed by one loop of 10-inch pipe (making a complete circuit

from the drums back to the drums again). The combination of

" steam loops " and the separator drums is the plan referred to

under the heading with reference to dry steam. This has worked
admii-ably, there being no signs of water in the engines as there

had been before.

(3) The danger that may arise from having piping and valves

so arranged that water can collect anywhere except in places

specially provided, can be best shown by two cases within the

knowledge of the writer.

A. A battery of boilers was connected with a header, as follows.

From each of two boilers a short pipe was led up to a horizontal

pipe branchiijg to the right and left to another pipe leading to the

header. Valves were placed close to each boiler, but none at the

header. At one time two of these boilers were shut down and
the valves at the boilers closed, the remainder of the battery being

in service. The first thing noticed was that the calorimeter in the

header showed much dryer steam than there was any reason to

expect, and on investigation it was found that the branch pipe

between the two boilers and the header was acting as a condenser
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aud separator and becoming filled with water. This was fortu-

nately noticed in time, and the water drawn off and a circulation

kept up in the pipe, after which the calorimeter showed normal

moisture, and no harm was done, but if this body of water had

been in any way set in motion the effect on the piping, which in

this case was of cast iron, can be imagined.

B. In the second case there was a steam main leading from

boilers to various pumps, engines, etc., aud at a certain point a

temporary pipe was led into this main from another boiler with

no valve between the pipe and main. Steam was admitted to

this pipe for some reason, and then after a few minutes shut off

and steam let into the main. Shortly after this steam was again

admitted to the temporary pipe, and very shortly a " slug " of

water passed from this pipe to the main and acquiring a high

velocity flew to a dead end and blew it off, causing the death of

an employee. There seems no doubt that a valve placed at the

intersection of the main and the temporary pipe, with a suitable

"bleeder" in the pipe, would have prevented this accident, if

handled properly.

(4) The necessity of arranging piping so that in case of accident

only a part of the plant need be shut down needs no argument,

as the loss and annoyance due to shutting down a large plant,

especially one on which the i)ublic in any way depends, as in the

case of a lighting or street-railway plant, is much greater than the

expense involved in making such a thing impossible. The system

followed in the case cited under the second head, is one that while

expensive makes it impossible for any large part of the plant to

need shutting down ; the valves between the boilers and drums

in the boiler room, combined with those in the pipes from the

drums and those between the engines, making it possible to cut

out almost any part without materially affecting the rest.

While, doubtless, much more could be written on this subject, it

is hoped that the cases cited above will servo to call attention to

the necessity for greater care in designing systems of piping, and

will call out a fruitful discussion.

DISCUSSION.

iMr. William. Kent.—Mr. Pike's i)aper is of importance in

calling attention to the facts: (1) That the ordinary formulfo
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for dimensious of steam-pipes are not to be relied on when the

demand for steam in the engine cylinder is of such an inter-

mittent nature as to set up vibrations in the pressure in the

pipe ; {2 ) that steam receivers placed close to the engine are of

great value in such cases ; and {3} that there are hidden dan-

gers in any system of piping in which water can accumulate

auywhere except in places provided for it. I would, hoAvever,

take exception to a portion of his theory concerning the steam-

chest diagram, which shows the pressure in the chest to be

occasionally greater than that in the boiler. He says, " This

motion of the steam, of course, requires energy to be used up,

which is not, therefore, available for work in the engine." By
the doctrine of the conservation of energy, energy cannot be

used up, but only converted into other forms of energy. If the

steam-chest diagram is a diagram of energy, or of work done,

which can be measured in foot-pounds, we must ask, what
becomes of the energy, or upon what is the work done? As
work is the overcoming of resistance through space, what is the

resistance and what the space ? If the energy is converted into

heat, it is not lost, but reappears as extra heat in steam, which

may be useful in diminishing condensation in the cylinder.

The fact is that the steam-chest diagram is not a diagram of

energy at all, but only a diagram showing the existence of vi-

brations ; such a diagram as a vibrating spring might make when
the spring was doing no work except overcoming the resistance

of the air in which it moves, and the resistance of the pencil on
the diagram paper.

It is doubtful also whether the loss due to friction should be
calculated as a loss of work, and measured in foot-pounds ; and
certainly it is not clear why the work should be calculated as

the product of uniform pressure, 2.19 lbs. acting through a

definite space of 3 feet. If the pressure loss is 2.19 lbs. at the

end of the pipe next the engine, it is at the other end, and is

not uniform through the length of the pipe, or through any
portion of it, as 3 feet. Moreover, if the friction loss is a loss of

work, the work is converted into heat, which partially dries the

steam. Of course, neglecting possible drying or superheating,

the drop of pressure is detrimental, in so far as it makes it neces-

sary to carry steam farther in the stroke and to exhaust at a

higher terminal pressure for the same work than would be the

case if there were no drop, and this criticism of a portion of
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Mr. Pike's theory in no wise detracts from the value of the

practical results shown in the paper.

3Ir. A. C. Wahvorth.—I can illustrate some of the points in

this paper by referring to a plant recently put up for the West
End Street Bailway in Boston. Mr. Levi E. Greene, the

engineer who put the plant up, hoped to be here to-day to

explain it himself, but as he is not here I will try to say some-

thing about it, though I am not as familiar with it as he is.

One of the peculiarities of this plant is that it is a very large one,

and another peculiarity is that it is made in duplicate, so that

there is a duplicate system of pipes from every boiler to every

This, side duplicate

of the other.

ELEVATION.

Fig. 158.

12 B. & W. Boilers.

1000 H. P. Noniiual oacli

engine, and this is very carefully carried out. In general, the

lay-out of the plant is like this : the seven engines are in a

separate room and on both sides of the room, three or four on

a side, and the steam mains simply come down the centre of the

boiler space, as at M and M', Fig. 158, with large branches to

the engines and also to the boilers. In this plant, as I have

said, there is a duplicate system of mains. Tli(> main 31 is a

duplicate of M, and each boiler is connected to each main, as

shown, so that there is a complete duplication of all the steam

pipes between the boilers and the engines. The boilers are of
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the Babcoek iV: Wilcox type, beiug aiTanf];ed in batteries of three

each. In the first phice, the 8-incli drum which comes with the

Babcoek & "NVilcox boiler was dispensed with, and a 30-inch

drum, D, was placed across the top of the boiler, in order both

to give a freer circulation of steam and also to act as a sepa-

rator. Of course, this 30-inch drum was connected to each sec-

tion of the boilers with the usual vertical pipes. Then two

>-inch pipes are run to the front of the boiler, P, P . Thus dupli-

cate pipes were taken from this 30-inch connecting drum over

to the mains, P going to the nearest one, and P to the further

one. The group of boilers on the opposite side had the same

connections, one pipe coming here to M' and another pipe

coming to J/. I can give by an elevation a rather better idea

of the connection between the steam main and the boilers.

That would represent the setting of the boilers, for instance,

and in elevation. There is the 30-inch drum, P. Here are the

duplicate steam mains, M, M', running to the engines. This

8-inch pipe, P, starts from a nozzle of Midvale steel riveted

to the drum, comes over in this way not with an elbow, but with

a bend, B, made with an 8-inch charcoal-iron pipe, and strikes

the bottom of that main at an angle of 30^. At this point

is inserted the 8-inch main valve controlling the boiler, this

conducting pipe, of course, pitching toward the boiler. Under-

neath there is a gallery from which these valves are handled.

The duplicate pipe from this drum also goes over and comes

up into the main, M' . The duplicate pipes from the other

boiler come in from the other side with corresponding valves.

There is no danger of water collecting in the pipe, P, but if the

8-inch valve is shut off there is a small pocket left, so that

a drip pipe is taken from the body of the 8-inch valve and

carried to a main drip drained by a steam trap. As there is

a small water space in the large conducting main, a drip is also

taken from that and from all these valves in the same way, and

they are all conducted to tlie main drip. These valves are

Chapman valves. The pressure is 160 to 180 lbs. Perhaps the

most peculiar feature about this whole system of piping is that

there are no cast elbows used. All the turns are made by long

turns bent in the pipe. Steam-pipes as large as 20 inches in

diameter were bent for this plant by Mr. Greene at Pittsburgh.

Pipe as large as 20 inches in diameter was bent on a 10-foot

radius without any deterioration. "When you bend a st^am-pipe

35
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of any size the tendency is to flatten the section across the

centre, so that the section through the centre of the bend would

show an ellipse. These pipes were carefully measured after

they were bent, and the difference in the two axes of the elbows

of the 16-inch pipe was found to be only half an inch, so that

practically there was no reduction of area in the pipe from

bending. A certain compression of the metal of the pipe was

found, which represented itself by regular corrugations on the

inside of the pipe, showing no marks on the outside, so that the

pipe was efficient—rather stronger at that point than weaker.

The flanges that were used in putting the pipe together were of

compressed steel, being riveted to the pipe ; the flanges, also,

being riveted flange to flange, the web of the flange being made
wide in order to admit of a sufficient number of rivets being

riveted in place. The peculiarity of this flange is that in fac-

ing the flange, instead of coming out as a duplicate of the other

flange, the face was beveled off in this way and made a little

smaller, making a Joint where a tool could be used to calk the

flanges tight all the way around, the steel flanges being riveted

together in the usual way. The valves, of course, do not have

steel flanges. The valves have a tongued and grooved flange,

made on the valve, and a steel flange was made to correspond to

that, and those flanges were bolted together.

Mr. Oherlin Smith.—Can you explain the method by which the

pipes were bent ?

Mr. Walivorth.—The pipes were bent by Mr. L. R. Greene,

and it would perhaps be for him, rather than for me, to state

how.

Mr. W. B. he Van.—How did you take care of your expan-

sion in that system ? There is no provision there for expansion

that I can see.

Mr. Walivorth.—Where a pipe is made with a bow as large as

at B, that expansion takes care of itself. We will suppose that

MB is perhaps 15 or 20 feet. The expansion is only one-third

of an inch, and the spring is taken out at B. As the main

expands, those pipes have an ample swing.

Mr. Lc Van.— In my practice I do not use expansion joints

in connecting up steam-pipes. The following sketch (Fig. 159)

will explain how I compensate for expansion : I depend entirely

on scrow-joints and flanged unions for the expansion, and prefer

wrought-iron pipe on accoiint of its lightness, as well as the elas-
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ticity of the material and the

capability of adjustment of the

screwed ends. I have had in

use in one plant eight (8) 150

H.P. boilers, constructed as

per above sketch, for the last

five years, and there has not

been any trouble with any of

the steam-pipe connections.

The large diameter pipe carries

steam for supplying the en-

gines, and the small pipe steam

for the pumps. The pocket,

formed when a valve is closed,

is connected by a small drip

pipe into the main steam-pipe.

Mr. Eckley B. Coxe.—I do not

know that you are aware that

running in a coal mine is in

many cases what you might call

peripatetic engineering— that

is to say, you are constantly

moving your pumps and en-

gines. ^Ve used to move our

boilers a good deal, but we
don't now. At one of our col-

lieries (Eckley), which we took

hold of in 1876, the water-

works supplying the colliery

with fresh water were at 4,600

feet from the colliery. There

was a cheap boiler there, and

we hauled the coal over a mile,

and the boiler plant was such

that we could burn nothing but

pretty high-priced coal, while

at the colliery we were burning

coal worth twenty-five or thirty

cents a ton. We first figured on

a compressed-air plant. We
found that that involved con-



54:8 STEAM PIPING AND EFFICIENCY OF STEAM PLANTS.

siderable loss of power, and Ave then took up (having had an

extensive experience in the matter) the idea of carrying our

steam over the mountain to the pumps—4,600 feet.

At the colliery the coal went directly to the boilers. The
springs in the neighborhood had been dried up by the mine

working, but we had a very fine spring over the mountain, not

quite one mile south of the colliery ; and by arranging matters

as above stated we have been able to supply not only this one,

but another large colliery, and it is done very economically.

In this case we carry the steam through a 3 inch pipe, but in

other portions of our works we carry it in 2, 3, and 4, and even

6-inch pipes in exactly the same manner. In fact, we have just

put down a 6-inch pipe to carry steam nearly half a mile at the

same colliery.

We had two sets of boilers, one of which had more capacity

than we needed, and the other had less ; we connected them

with the 6-inch steam-pipe and got very good results. "We

generally use what is ordinarily known as gas or steam pipe,

although this 6-inch pipe is what is known as " spiral weld
"

pipe, having bought it after the company stopped making it, at

a reduced price, and it is working very satisfactorily.

The method of covering the pipe is the same in all cases, as

is shown in the accompanying sketch (Fig. 164). We use

hemlock boards, 12 to 14, and 16 feet long, and of proper width.

The troughs are made in the shop by nailing two boards

together and putting triangular strips in the bottom, and

another trough is made to cover over this with the triangular

strips in the top. It is so arranged that the upper trough is

slightly larger than the lower, so as to cover it. Stakes are

driven into the ground every 6 to 8 or 10 feet, according to the

size of the pipe, and the troughs are laid in the angle formed

by the stakes, so as to keep the pipe above the ground.

The pipe is supported on wooden or iron strips placed in the

trough, and the whole is then filled with mineral wool and

the cover put on. It is not necessary to pack the mineral wool,

but, on the contrary, it is better to have it rather loose.

Tlie stakes are not all the same height, but are arranged to

give a more or less even grade to the pipe. Of course, arrange-

ments must be made to drain out the water at the low point

should tlie pi])c pass over a valley.

Should wo want to change tlio location of a line of pipe, we
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take ofi' the top, put the mineral wool into bags, move the pipe,

pull up the stakes, ami put them down where we tlesire.

Of course it is necessary to provide for expansion and con-

traction of the pipe. We seldom use expansion joints, but gen-

erally put " S " bends in the pipe, and if the pipe makes a turn

in a vertical or horizontal direction, this turn acts as an expan-

sion joint : but where there are no such turns it is necessary

to so place the line of pipe as to bring in these " S " bends

from time to time. We run sometimes 1,000 feet or more with

one of these bends, depending, of course, upon the local con-

ditions.

Fig. 164.

The * S " bends are made by bending the pipe at a radius of

from 5 to 10 feet, according to the size of the pipe. In the

beginning we filled the pipe with sand in bending it, but now
the men often do it without the sand, and have become quite

expert in making these bends. Of course the bends have to be

inclosed in mineral wool in such a way as to leave room for

them to move without breaking the boxes, but this is com-

paratively simple.

The line above referred to has been working since 1877 ; and
we have not been obliged to spend anything for repairs, and
have had no trouble whatever with it.
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The outside of the box does not get very much heated. In

winter, when a light snow i§ drifting, it will remain on the top

of the box without melting, thus showing how very little heat is

being radiated.

The great secret of success in running these long lines of pipe

is never to put your steam into the engine or pump directly.

There should always be placed close to the engine or pump, and

between them and the main line of pipe, a large receiver, into

which the steam is carried, and from which the engine gets its

steam. The steam should come into the bottom of the receiver

and go out at the top, the water formed being drained out from

the bottom of the receiver, although there is not much water

formed when the line is properly constructed.

When we have 100 lbs. pressure in the boilers, and carry steam

4,600 feet, we only have two or three pounds less at the receiver.

The advantage of the receiver is not only that it takes out the

water, but that it allows a continuous flow of steam, instead of

getting it in at every stroke of the engine. When the engine

takes one cylinder of steam from the receiver it does not dimin-

ish the pressure in the receiver appreciably, and the flow of

steam from the boiler continues nearly constant. We always

put receivers at our pumps and engines when the steam is car-

ried any distance, and find them very effective and useful.

The receiver should, of course, be incased in mineral wool.

Another advantage of the receiver is that you avoid getting

water into the cylinders of the pump or engine.

Mr. Oherlin Smith.—What is the amount of loss of steam or

pressure ?

Mr. C</xe.—I really do not know exactly. It does not amount

to much. The question is, Is it cheaper to pay five dollars a

day to haul coal over a mountain and pay two men to fire, or to

waste say two, three, or four per cent, of your steam, which does

not cost much ? I do not say that a man who is paying five dol-

lars or ten dollars a ton for liis coal ought to do as we do. The

total cost of the steam is not ono-half what it would cost to cart

the coal to the boiler. But the point in this case is that we can

take steam anywhere and almost any distance. I would not be

afraid to undertake to carry it nearly two miles, and it is a cold

country, which lies nearly 1,800 feet above the sea, and we have

about nine months of winter and about three months late in the

fall. It is not great engineering, but what I call it is peripatetic
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encjineering ; and you will make more dividends if you do it that

way than in any other.

A J/emher.—Won't you please tell us the size of the reservoir

you employ there '?

J//'. Coxe.—I cannot tell you that exactly. Our standard boil-

ers, of which we had a great many, are thirty-four inches in

diameter, and we generally make the receiver of two, three, four^

or five rings of those old boilers, and we cut off a portion of the

boiler with the head in one end, and put a blank head in the

other.

A Meml)er.—Holding a hundred cylinders full of steam, or

more?
Mr. Coxe.—Twenty-five or more.

A A£emher.—How often do you put your expansion ?

Mr. Coxe.
—"We generally put them where we have a change of

direction. In this case we have two.

A Member.—How far apart?

Mr. Coxe.—These expansion joints, I imagine, were consider-

ably over 1,000 feet apart. I used to put in sliding expansion

joints, but they are generally like a great many men in this

world—they don't work. In most cases I do not think there

was any part of the whole system that expanded as little as the

expansion joints. But when 5^ou have a bent pipe it is bound
to expand, and if it breaks, it doesn't break you.

Mr. Oherlin Smith.—What is the minimum thickness of the

wool around the pipe ?

Mr. Coxe.—It depends on the size of the pipe. We run up
from 2i to 4 inches. Good results are obtained with 450 lbs.

per 100 feet for 8-inch pipe. Of course, if you were to make a

round box you would not take as much mineral wool, but it

would cost you more for the box. It is only a question of cost.

We buy the mineral wool by the car-load.

Mr. W. A. Pearson, Jr.—I think this subject, as Brother Pike

has said, is an important one—one which I think most of our

mechanical engineers have not considered. When our friend

Mr. Coxe speaks of his piping here, he has not quoted the press-

ure that he is using.

Mr. Coxe.—I can give it to you. We are carrying about 100

lbs. on that line.

Mr. Pearson.—It has been my pleasure, during the past year,

to renovate the high-pressure steam piping in the plant of
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the General Electric Company at Schenectady. We have two

systems there : what we call a " low-pressure " system and a

" bigh-pressure " system. The low-pressure system is of the

old type, and we have had some slight trouble in keeping it

tight ; but we had fully SOO^o more trouble with our 160 lbs.

pressure plant before we renovated it. than we did with our 120-

Ibs. pressure plant, thus showing the great difficulty of housing

and taking care of steam as the pressure increases. We had

wrought-iron piping with cast-iron flanges and packed joints.

The consequence was we had a gang of men constantly employed

Saturday night and Sunday repairing joints. We would some-

times have a joint blow out, and it could not be repaired

until Saturday night or Sunday, as we are compelled to keep

the steam on the mains from Monday morning until Satur-

day night, making it very expensive to us in the amount of

steam that escapes, besides the annoyance and damage to our

dynamos.

I first laid out for extra heavy wrought-iron piping with cast-

iron fittings and steel flanges. After laying it out I was not satis-

fied with the plans. After considering the matter, I came to the

conclusion that if I stayed at home and did not see what others

were doing in the same line, I could not expect to obtain the

best results ; so I went to Boston, New York, Brooklyn, and sev-

eral other places, and visited all their principal plants, and in

the whole course of my journey I failed to find a single plant

that was not troubled with escaping steam where they were

carrying high pressure. Therefore, when I returned home I

destroyed the plans already made, and decided that I must use

cast-iron pipes. The reason why I came to this conclusion

was

:

Jurst.—If cast iron was good enough for valves it certainly

must be all right for plain piping, as it was a much simpler

casting to make perfect.

Second.—i concluded that by using cast iron I could cut the

number of joints necessary down to about one-quarter of what

would be required by the use of any other metal.

Speaking with some men, they would say, we have only one

joint in 5o or 100 feet of wrought-iron riveted piping. In this

connection I would say that each rivet and seam are separate

and distinct joints, and will give more or less trouble to keep

tight if you deal with high pressures.
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We have e:\st-iroii piping throughout our high-pressure plant,

with the exception of some copper. When I put in this cojjper

I clid not have an expansion joint which I have invented since

thac time, and which I believe Professor Thurston saw tested

in the Pearl Street station. Since then I have dropped the use

of copper and have used cast iron exclusively, with the excep-

tion of a steel separator, which is 4 feet in diameter and 6 feet

high. Westinghouse, Church, Kerr & Co. submitted plans show-

ing steel ^ of an inch thick. I doubled this thickness. Tliey

were anxious to know why I increased the thickness so much,

and I stated that I did not want to take any chances on its not

being tight. So we therefore put in a separator of |-inch

steel, and it was tested in the shops of the Westinghouse people

at Schenectady at 500 lbs. hydraulic pressure, and did not show a

particle of leak anywhere. We put it in place, and in the course

of the last eight months we have been compelled to calk it in a

hundred different places. This forced me to the conclusion

that we did not want any leaky rivets or seams The only solu-

tion of the problem was to use throughout cast-iron piping

and ground joints. I put in a separator a little farther on in

the system, made of cast iron. This was put in operation eight

months ago, and in that time we have not seen a particle of

escaping steam from any part of the whole system excepting

what we have seen come from the steel separator. I think two

of the most important points in steam piping are water and

expansion. In erecting steam piping according to the method
shown on the blackboard, connecting into the main at an angle

of 45'', there is quite a pocket formed there. Those of you who
are familiar with all valves know that each valve has a water

pocket in it. There would also be a water pocket from the face

of the valve to the pipe.

After going over the whole matter carefully 1 concluded that

the only way to connect into the pipe was at the side or top, as it

is very important that no water be allowed to accumulate in the

pockets or separator of the system. If it gets started it forms in

the shape of a ball and goes through the system like a cannon

ball, which is liable to cause very serious accidents. They had

an example of this at the World's Fair ; it blew out a blank

flange at the end of a main pipe, killed three men, and dis-

placed some very large timbers. In our plant at Schenectady

we have endeavored to take care of every particle of water in



554 STEAM PIPING AND EFFICIENCY OF STEAM PLANTS.

the whole system. We have the loop system from every valve,

or placed wherever there is the slightest water pocket in the

system. After going over the trap and loop systems thoroughly

I concluded that the loop system was the best, and it has worked

very well since it was installed.

Next comes expansion : In figuring the expansion on cast-

iron piping all the engineers I have talked with claim that one

inch to 100 feet is the largest amount they had ever found to

occur in cast-iron piping. In a length of 150 feet we got 3

inches expansion. All engineers here to-day will agree with me
on this point, that when the expansion occurs in steam piping

it comes by jerks, and the cause of this is the internal strain.

There is no way to deal with it outside of this expansion joint

of mine. You will agree with me that what engineers have had

to contend with was the area of all sizes of piping, and when it

comes to a large pipe of 16, 18, or 20 inches, and in some cases

24-inch mains, the end strain is enormous. In a plant in this

city to-day they are putting in piping to carry 250 lbs. pressure,

and I believe they are going to put in 22 or 24-inch mains.

When we figure the area at that pressure we can see at once

the enormous end strain if they use the old slip joint. They may
use the copper " L," which is the only remedy engineers have

been able to find heretofore, with the exception of the old slip

joint, male and female. Using this, both ends of the pipe have

to be blocked to withstand the enormous resistance. With this

joint of mine you can erect a system of steam piping, and it mat-

ters not how long or how extensive the system is, you can take

care of every particle of expansive strain. In the main of 150

feet of piping, which I heretofore referred to, there was 3 inches

expansion, and there was no jerking, as the expansion came on

gradually. As we all know, there is nothing tliat will heat iron

as quickly as hot water or steam. Tliis is the reason I was

converted to cast-iron piping. If any of you gentlemen here

to-day were getting up specifications for wrought-iron steam

piping you would all specify that the flanges be screwed on

tight, or, if riveted, they were to be made tight, and the conse-

quence would be that if the flanges were heavier than the pipe

the pipe would have to yield and the flanges would still hold

their size. I found in cases in this city, where cast-iron flanges

were used, tliat many of them cracked. Where they used steel

flanges the pipe reduced, and consequently there were leaky
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joints, SO I eoncliuled that cast-iron piping with oround joints

woukl obviate all this trouble. We have a way of grinding the

joints which makes them come very inexpensive. Consequently

we had, in a li!-foot length of piping, only one single joint for

any trouble to arise from. The reason why cast iron was
dropped out of use for steam piping was this: when it was

used, they did not make the body of piping or flanges heavy

enough.

If you will recollect the standard flanges and body that were

prescribed to us one year ago, you will remember that the

thickness of the flange for a 14-inch pipe was 1^ inches ; thick-

ness of body, f to I inch ; size of bolt, | to 1 inch ; number of

bolts in flange, 12. When you compare these figures with the

sizes I used on the same size of pipe, that is, thickness of flange,

2\ inches ; thickness of body, 1| inches ; size of bolt, 1| inches

;

and number of bolts, 20, you will at once realize that there is

no possible chance for the joints we use to give out. An engi-

neer in going over these figures may at first say : this is very

expensive piping. When he looks still farther he will find

that the extra metal will not cost more than twenty dollars

per ton (as the labor is just as great in either case), which

cuts a very slight figure in the total cost of a system of steam

piping.

Mr. Coxe.—Of course, as I said before, this work was not put

up in New York city, where people do not want their spectacles

covered with moisture. It is put up in the woods. It is peri-

patetic engineering. If you made a plan for it, before you had
your plan completed your practical man would have it up and

in running order.

Expansion joints must be used even in our domestic life, but

you must put them where nobody will see them except the fel-

low who has to keep them in order. You do not want them to go

off when you have friends to dinner. We do not use, practically,

any elbows. W^henever we go around a corner we bend the

pipe around, the radius of the curve being pretty large.

Mr. G. M. Sinclair.—A method used some time ago in the de-

sign of a large steam i^ipe may interest the Society. It is based

directly on the " commercial efficiency " of tbe pipe, to use a

phrase perhaps not heard often enough. The question the

engineer has to answer is, " What, considering all circumstances,

immediate and remote, will give the greatest return for the
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outlay ? " From this point of view it is seen there are three

things affecting the cost of operating a steam pipe, viz. :

1. Interest and depreciation.

2. Condensation.

3. Friction.

The larger the pipe the greater will be the expense due to

the first two, and the less the expense due to the last.

To illustrate the effect of these various items of expense I

append a table in which the daily expense from each source is

shown for a number of sizes of pipe. I regret that I have not

the figures of the original case, but the case I have assumed

illustrates the subject, although I have eliminated complications

and refinements which might claim attention in practice. The

problem I have assumed is the transmission of 50,000 lbs. of

steam per hour a distance of 1,000 feet, with 100 lbs. initial

pressure. I counted upon three right-angled turns and a globe

valve. Following is the table referred to, showing the cost per

day, itemized and in totals.

Diameter of Pipe. 6 in. 7 in. 8 in. 10 in. 13 in.

1 . Interest etc $0.39
1.51
0.86

$0.40
1.76
0.38

$0.53
2.01
0.19

$0.66
2.51
.06

$0.84

3. Condensation 3.02

3 Friction .02

Total $3.76 $3.60 $2.73 $3.23 $3.88

As to the question of how the above costs were obtained, I can

only outline the principles involved. Particular cases require

particular treatment. To get the first item of expense, a careful

estimate must be made of the cost of the pipe, including all fit-

tings, coverings, hangers, labor, etc. Tlie necessary outlay of

capital being determined, the usual interest, say 6''' per annum,

must first be allowed. In addition, we must allow a percentage

to cover depreciation and repairs. This additional percentage

must be sufficiently large to put in liand the value of the pipe,

when it becomes necessary to renew the same. It may be

regarded as a sort of sinking fund. In the above case I have

assumed a total of 12'/ per annum.

Condensation I have calculated as varying directly with the

inside service of the pipe, and the friction I have figured on

the formula referred to by Mr. Pike. From these calculations

the loss in heat units is readily obtained. If, now, a certain
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number of heat units have been produced iu the boilers, and are

lost iu transmission, it is only necessary to know the cost of

producing those beat units This is most readily obtained by

basing it on the amount of coal burned in producing the lost

heat units, and this involves the cost of the coal, the labor in

handling it, and interest, depreciation, etc., on the boiler plant.

In the above illustration I adopted ^\ of a cent per pound of

coal. While elaborate calculations, such as are indicated above,

are not always helpful, there are many cases where I believe this

method would prove a most valuable check.

Mr. Daniel Ashicorth.—The subject of steam piping, from the

popular stand-point, seems to have been looked upon as second-

ary, and as scarcely worthy of consideration, for a long period.

In rolling-mill practice, in which I have closely followed this

matter, I have had many vital defects, as regards transmission

of power, through injudicious steam piping, and principally from

the lack of steam-pipe capacity. That can be attributed, in the

first place, to the good old days when the wheels would revolve

slowly and the loads were light ; and again, to the fact that

the plant started with the view that that was to be the end of

it—no idea of growth ; but in the course of time additions were

made to far outgrow the capacity of the steam distribution ; and

in the next place the remarkable faculty, the inborn intuition, of

the steam-pipe fitter to marvelously arrive at a given point with

the greatest amount of bends, knuckles, and turns that are con-

ceivable to the human mind. I have looked at steam-engines

fitted up with just such arrangements, and I have wondered how
much time they spent in the drawing room in planning it, in

order to get around the angles and bends. I found, some ten

years ago, that some reputable steam-engine builders entirely

ignored piston speed, one of the most important matters in this

matter of steam distribution through our pipes. That brings us

back to the first point I made. This was all well and good when
the piston speed was slow and the loads were light, but as we
have increased these things, this piston speed becomes one of

the important factors. Referring to this matter of the steam

receivers as reservoirs, etc., I would say that it is the practice

throughout the whole Carnegie system, upon any engine that

has to perform anything like heavy duty, always to put in

receivers. That is a matter that the late Captain Jones was
exceedingly proud of. The doubt that arose in my mind was
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prompted by an inquiry put by Mr. Oberlin Smith as to the

amount of loss by condensation, and the first thing the captain

would do would be to open the cock and show how dry the

steam was. We consider those receivers very important. I

know by professional experience, that when I received a letter

about some trouble among the rolling-mills in the Ohio valley,

I just pictured up in my mind that there is a radical defect in

the steam piping. The records show that nine-tenths of the

trouble has been improper steam piping in those plants which

have been in existence probably twenty and twenty-five years,

and it would surprise you, the enormous amount of work that

has been done in ten years of reforming, tearing down, and put-

ting up proper steam-pipes of liberal capacity. Many a plant

has been lifted out of the Slough of Despond by giving it proper

steam piping of adequate size.

Mr. W. A. Pearson.—We have some slight trouble in keeping

these different mains free from leaks at Schenectady, in our two

or three miles of steam piping, varying in size from 1 to 8

inches, carrying 120 lbs. pressure. We also have, right in the

same power station, a system carrying 160 lbs. pressure, and, as

stated before, we had a great deal of trouble in keeping this

system free from leaks. However, since we renewed this system

of piping we have not had any leaks, and it has been in opera-

tion eight months. This goes to show that our present method

is the best possible one for high-pressure systems. I carried

out the method Mr. Taylor suggested, bringing the joint out to

the inner side of the bolt hole, and in this way we have had no

trouble whatever with our joints.

In speaking about the expansion-joint question, we have, right

where any man can see them when he enters the power station

at Schenectady, two 12-inch joints. One of them has been in

operation eight months, and in that time it has required no care

whatever, and steam has been on it constantly. The take-up is

one inch.

I examined one plant in New York city where the steam pip-

ing cost $20,000 to put in, and the engineer in charge told me it

cost $60,000 to repair it. This was wrought-iron pipe.

I visited another station where the piping cost $5,000 to put

in, and the engineer in charge stated that it cost $15,000 to

repair it. This was also wrought-iron pipe.

Both of the above stations were carrying 160 to 165 lbs.



STEAM PIPING AND EFFICIENCY OF STEAM PLANTS. 559

pressure. "We are all advancing in the line of raising our steam

pressure, and this is uiy reason for saying what I have said

here. Every engineer that I have shown this expansion joint to

says it is something they have all been looking for and have

just found.

There is one other point I would like to speak about, and that

is, the covering of steam piping. I tested this matter very

thoroughly, and would give the following results :

AVe had the asbestos people and the magnesia people put on

samples of their material. They all said they could not carry

out our specifications. These specifications stated that the

temperature of the outside of the covering should not exceed 2°

Fahr. above the temperature of the room. It could not be

carried out in one sense, but we tried it in a temperature of

110^ Fahr., and we found the temperature of different materials

to be as follows : we first hung wood in the same line of atmos-

phere as the piping, and as near as I can recollect the tempera-

ture was 142^ Fahr. We then hung magnesia blocks in the

same atmosphere and found it was 140" Fahr. We tried canvas,

and found it was 138' Fahr, With hair felt it was 135° Fahr.

The two coverings we had put on were magnesia and asbestos.

There was one other covering, the mixture of which I cannot

state, but this was not considered. We tried from 1 inch up to

24' inches of the two different coverings. We found that one

layer of magnesia blocks 1| inches thick, then one layer 1 inch

thick on top of the first, and i^ inch of magnesia plaster next,

and two layers of canvas on the outside, made a perfect covering,

as the thermometer showed the temperature next to the canvas

on the outside of the covering to be the same as that of a piece

of canvas suspended in the same line of atmosphere, thus show-
ing that we held every unit of heat generated from the pipe in

the covering, and did not let the circulation in the room have

any effect on the steam in the pipe. I give these figures, gentle-

men, as they may be of interest to you.

In testing we found the two materials of the same thickness

compared very favorably, as the variation was only about 2° to

5^ Fahr. in favor of the magnesia.

Afr. Wabxarth.—Was there no condensation in the pipe ?

Mr. Pea/ison.—I do not take that stand. There will certainly

be a slight condensation in piping covered in this way, caused

by the radiation of the heat through the pipe to the covering.
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With the covering I have described, the best possible results

are obtained. If the covering was 10 inches thick the amount
condensation would be the same.

Prof. R. H. Thurston.—Every one will recognize the fact that the

two and sufficient principles to be adhered to in designing lines

of steam piping are, first, to provide for contraction and expan-

sion ; and, secondly, to provide against standing water anywhere
in the line of the outside or inside. If the pipe can be arranged

so that the expansion and contraction can take place without

causing stress on the material, and if it can be kept dry, inside

and out, no difficulty will arise. But I doubt if it is as well

understood that the strains that may be produced within a pipe

by the presence of water may be enormously severe. I have

had opportunities on various occasions to ascertain how severe

are these strains, and how serious, and sometimes how fatal, are

the results of settlement of water in a steam-pijDe, that may act

by condensation of steam causing " water hammer," or may be

precipitated in such form that it may be carried over as a
" slug," to act like a hammer wherever it may finally strike.

One of my earliest experiences of this sort occurred in this

way : we built a mill-engine which was set in the middle of a

large engine-room. Steam was carried from the boiler-room

adjacent, down the opposite wall and under the floor, a distance

of several feet, then up to the steam-chest of the engine.

In the U thus formed was placed a cock, to be opened for

draining it, by the engineer, whenever the engine was stopped,

and to be closed when the engine was moving It happened

that one morning the engineer was not in the engine-room at

seven o'clock, and his son, who was his assistant, came in, and

not finding his father there, at once stepped to the throttle-

valve, which was set in the pipe lying against the wall, at the

point where the steam entered the U on the way to the engine.

The instant he opened the valve there was a crash ; the cast-

iron steam-pipe was broken below the floor. He went below,

after shutting ofi" the steam again, and found his father's body

;

he had been killed by the exploding steam-pipe. He had gone

down to set up a joint which probably had been loosened by

this very action. This fact illustrates either the force which

water may exert when forced through a pipe by the impelling

power of the steam, or the forces that may be set in action by

the sudden contraction of a moving mass of steam when com-
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ing in contact with a mass of cold water. Either action woukl

have been sufficient for the result which I have described.

Which actually caused the disaster was never known.

Another instance, in which an accident also occurred, illus-

trates these tremendous stresses in another w^ay. We had, in

the gunboats built for the navy in the early days of the war, a

line of steam-pipe that, in some cases, led from the boiler, with a

slight downward grade, to a throttle-valve placed on top of the

steam- chest. Where not effectively drained, the water would

collect in them. On one occasion the chief engineer opened the

throttle-valve without seeing that the steam-pipe was clear of

water. A mass of this water was carried over into the engine,

and broke out the dividing web between the steam and the

exhaust ports under the steam-chest. Either of these effects

would have required a static pressure of hundreds, and possibly

a tliousand, pounds to the square inch.

I was called upon to examine the wreck of a steamboat engine

on the North River some years ago. I found a steam-pipe,

about 24 inches in diameter, leading from the steam dome of

one of the common North River flue-boilers downward toward

the engine, and turning up under the bed-plate, to the steam-

chest. In this bend was placed a cock for draining off water

;

and, as in the case of which I spoke a moment ago, if this cock

were not used efficiently at all times, water might collect. A
dispute had arisen betw^een the proprietors and the builders of

the engine as to who was responsible ; the proprietors saying

that the crash, which wrecked the engine completely, was due

to some defect, probably the crank-pin. The builders claimed

that it was due to the fact that the steam-pipe had not been

kept free from water. In examining the steam-pipe I found, in

the bend at the foot of the long line of pipe, tide-marks on a layer

of rust and incrustation, accumulated on the interior of the pipe,

which showed conclusively that there had been times when the

water had accumulated in this bend. Accumulation could go on
in the pipe until, finally, the passage left for the steam became so

narrow that the engine could not be supplied through so small

an area. The result then would be the production of a pressure

on the mass of water which would sweep it up. Seal the orifice,

and the steam would pick up the whole volume of w^ater, sweep-
ing over with it into the clearance spaces of the engine. When
the piston came back on it, as a matter of course, the engine

36
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went to pieces. I have known in my experience with vertical,

beam engines, and with marine engines, several to be completely

wrecked by this kind of accident. I presume there are mem-

bers present who may be more familiar with accidents due to

the practice of running high-speed engines from lines of pipe

that are not carefully provided with separators or automatic

drainage.

It would be interesting to learn how large these stresses are.

I doubt if any one has ever found a way of exactly measuring

them. But the fact that such accidents occur—and many have

occurred, unquestionably due simply to the impact produced by

the rapid condensation of steam on the surface of a pool of cold

water—shows that these stresses may be enormously great.

What may happen when a rapidly moving, heavy mass of solid

water, in full career, strikes any obstruction, we all know ; but

the " hammering " of steam in pipes also produces a local strain,

probably quite as severe, perhaps even more serious.

This second kind of strain is known to be enormously great

;

but we do not know exactly how great. Cases reported by me
to this Society some years ago prove a high minimum limit."

I had occasion to examine a quantity of pipe taken out of one

of the steam-heating systems then in operation in the city, but

since extinct. I was informed that this piping was defective

;

and the president of the company desired that I sliould exam-

ine them, with a view to reporting to the company on these

defects, so as to secure from the makers a reduction of their

charges, and possibly damages for the results of whatever

claimed to be imperfect welding. After examining a large num-

ber, I came to the conclusion that they were not originally

defective. I found them split through good welds and bad

welds, through solid iron even, and the only report which could

be made was that they had been injured by water-hammer. I

took a quantity of the pipe to the mill in which it was made,

and measured the pressures that could be put upon them, split

and weakened as they were. In order that we could obtain

a fair idea of the actual pressures that the pipes would sustain,

I arranged a rubber packing on the inside of each pipe, a

strip covering each crack from end to end, drilling a few holes

along the crack, so that the strength of the pipe should not be

* Tranmdiona, Vol. IV., 1883-3, p. 404 ; Water-IIamnier in Steam-Pipes.
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affected, and t(^ insure that sealing these joints should not

increase the strength of the pipe. The bolts simply held that

packing up against the crack on the inside, so as to seal it by
the slight pressure of a line of small bolts which were put in

simply for the purpose of holding the packing in place. Pipes

arranged in this way, and tested in the hydraulic apparatus

of the mill, carried all the way from 300 to 800, 900, in some
cases to over 1,000 lbs. to the square inch, injured as they were.

The conclusion was obvious that the water-hammer to which

they had been subjected was enormously in excess of these

figures, representing the strength of the pipe after the crack had
been made These facts are more impressive than any possible

examination, without actual measurement of these quantities,

and reveal the intensity of the strains that occur, and the risks

of danger which arise, from allowing water to stand anywhere in

a line of steam-pipe. After water has once collected in a pijse,

especially in the steam-pipes leading to engines of large size,

I think there is no safe way of removing this danger except by
simply shutting the steam off at once, if it is moving in the

pipe, or keeping the throttle shut if it is not moving ; then let

the steam down, and drain the pipe completely before steam is

again put on. If an attempt is made to drain even a still pool of

water in a pipe under pressure, the water-hammer may become
very severe. The disturbance of the pool by the flow of steam

causes condensation ; condensation causes a rush of steam upon
the surface of the water, and presently there may result as

serious effects as when steam actually moves through the pipe

with the throttle-valve open, and the pool of water is set in

motion to cause accident by impact.

ISlr. W. F. Durfee.—I would state some experience I had with

some boilers at the Midvale Steel Works. I found two boilers

over the heating furnaces in the forge ; these boilers were ordi-

nary cylindrical boilers, such as I had often used before. I found

that in the case of these particular boilers, every Sunday there

was a gang of calkers trying to make them tight. That had

been the history of the boilers from the start. I went to the

boiler-maker, who was one of the best in this world, I think,

and he could give me no information about the cause of the

trouble. He had made scores of such boilers, and ours was the

first that he had ever had any trouble with. The great bulk of

the steam at that time was made in the steel foundry from the
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waste lieat of tlie melting holes. Into the main steam pipe

were connected the two boilers above-named by branch pipes.

These boilers were supplied with water independently of the

boilers that generated the most of the steam. I found I could

not get any light from any boiler-maker as to the cause of the

trouble. After giving the subject some consideration, I found

out that these boilers were really evaporating very little water

;

for there was very little " feed " put into those boilers during

the day ; and it suddenly occurred to me that it was very pos-

sible that those boilers were not making any steam at the tem-

perature at which the boilers in the steel foundry were produc-

ing steam, and that what those boilers were really doing was
practically condensing steam. The more I thought of the mat-

ter the more I was satisfied that I was correct, and, therefore,

I pitched one of those boilers out of doors one Sunday. The
next week we apparently had just as much steam as ever before,

and the Sunday following I pitched out the other boiler, and

those boilers were never put back. The moral of that is, do not

undertake to boil water by applying heat on its top ; if you do,

you will surely have a leak from its bottom. Gentlemen were

speaking of some receivers that collected the water of conden-

sation, that were very tight under cold pressure and became

very leaky under steam. The water that accumulated in them
from the drip was being heated from the top while the bottom

of the receiver was practically cold ; hence leaks, and frequent

and emphatic remarks relating thereto.

Mr. George Dinkel.—It seems to me that Mr. Pearson altogether

condemns wrouglit-iron pipe. In places each have their advan-

tage
;
yet I rather favor wrought-iron pipe for long runs. Now,

we had occasion some time ago to run a line of pipe about 300 feet

in length, and hung about 00 feet above ground. It was 18-iucli

pipe, connecting two boiler-houses of about 3,200 and 1,400 H.P.

respectively, under about 65 lbs. pressure. The pipe was sup-

ported on its ends, and at two places in between. If we were to

use cast-iron pipe, I wish you would all consider the extra weight

wliich we would have to support (about 40,000 lbs.), also the

risks of sand and blow-holes, and tlio leaks at chaplets.

It was decided to take wrought-iron pipe, the joints being

made tlius : we took the pipe with its threads cut, as usually

received fi-om the pipe mills, and cut the threads of tlio flanges,

so as to screw up tight, and allow the pipe to screw through or
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project beyond the faces of the flanges, as at a in sketch (Fig.

lOOi.

The pipe in this manner was placed in the lathe, and the pipe

with its flanges faced so as to be perfectly parallel with each

other.

By thus screwing the pipe through, and then facing the pipe

Fig. 160.

and flanges, the pipe itself forms part of the face of the flange

(in the above-mentioned case about j inch); and in making a

joint the ends of the pipe which are bolted together come butt

and butt together, as at b in the following sketch (Fig. 161).

Now, the leaks on wrought-iron piping are mostly through

the threads. But in the above way of putting on the flanges,

before steam can leak through the threads it must pass the

joint formed by the ends of the pipes themselves. In the case

of the 18-inch pipe above mentioned, the pipes, before being

put together, were tested to 130 lbs. pressure ; and have now
been in position since about 1882, and there are no leaky joints

on it to-day.

Mr. Pearson has also spoken of the fact that he was hardly

able to enter a large steam plant with high-pressure, in New

Fig. 161.

York, which was not full of steam, due to leaky joints. If such
is the case, it is then time for the engineer to get out.

Leaks seen about large steam plants which run continuously,

I think, are more due to the stuffing-boxes of valves than pipe

joints. I might say that the plant with which I am connected
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has been running almost continuously for the last twenty years.

The main steam-valves used are made at the refinery, and are

so made that they can be packed when opened. The valves being
open the greater part of the time, there is no reason for having
any leaky stuffing-boxes on the valves whatever.

As to non-conducting covering of pipes : on the pipe men-
tioned above, it is first given a coat of paper pulp and lime of

about 2 inches thick ; this is covered with 2 inches of felt, which
in turn is covered with 1 inch of straw, and the whole protected

by a sheeting of wrought iron. I have repeatedly seen the snow
lying on the top of the pipe.

As to the expansion of piping, Mr. Pearson speaks of expan-

sion going by jerks. I have never seen such a thing ; but if

such has been noticed, I believe the trouble has been that use

is made of the common sleeve expansion joints, and that the

jerks will be removed a great deal if the man in charge will only

look to how he pulls up the glands.

At the sugar refinery we cannot shut off at random to pack

expansion joints, and we therefore resort to copper pipe. On
the long pipe, above mentioned, the expansion, which amounts

to about '2>{ inches, is taken up by copper bends at each end.

The expansion of the main steam-pipe and connections from

the Babcock <fe Wilcox boilers (equal to about 7,600 H.P. ) is also

taken up by copper bends. The main blow-off pipe, being

also connected to boilers by copper bends, allows the boilers to

expand freely.

Mr. Taylor has spoken of the quick deterioration of hair felt.

If the felt is kept dry, and at the same time kept from being

burned, there will be little deterioration. In the above-mentioned

case, in which the pipe is first covered with lime and paper

pulp, I know cases where the felt is on about sixteen years,

and no deterioration has been noticed.

Mr. Frank Eichards.—I have little doubt that Mr. Pearson's

advocacy of cast-iron piping for high-pressure steam will en-

counter a general protest, and it is not likely that his success

in the application of it will encourage many to follow him in

the practice. Mr. Pearson's success with the cast-iron pipe is

to be credited entirely to Mr. Pearson, and not at all to the cast

iron. He evidently has fallen into the very common error of

making two or three changes at once, and then of mistaking tlie

detail to which his success is due. Witli the change of material
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Mr. Pearsoa also cliauged the mode of packing the joints,

increased the size of the bolts, and, it appears, also applied

different expansion joints. Few will be inclined to accept Mr.

Pearson's suggestion, that a style of piping that is all right for

120 lbs. pressure is all wrong for 180 lbs.

I would use wrought-iron pipe. Let the flanges be heavy

enough, and let them be screwed on until the ends of the pipe

come flush with the faces of the flanges, or slightly project

(Fig. 162). The ends of the pipe must, of course, be without

crack or flaw. After the flanges are screwed on tight, face one

end A of each length perfectly flat and smooth, and turn a

spherical seat at the other end of the pipe B, a radial line from

the centre of the spherical seat forming an angle of 30° with the

Fro. 162.

axis of the pipe. Then, to make a joint, insert between the two
ends of the pipe a turned wrought-iron ring C, flat upon one

side and spherical upon the other, corresponding to the two

ends of the pipe, and tighten up the joint well and evenly all

around, and it will be tight, and the pipe need not be absolutely

and rigidly straight. The flat face of the collar C might be

slightly convex, and the spherical face also might bear harder in

the middle. If the metallic surfaces are all smooth and true

and perfect, no grinding will be required.

Mr. C. W. JJaker.—l think we ought to have on record in the

Transactions a joint which has given great success in England,

and which has recently been put on the market in this country.

It is very simple, and does away with the use of cast iron except

in compression. You know, with the ordinary wrought-iron
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joints you have a cast-iron flange screwed on to the wrought-

iron pipe, and if your pipe is at all thin you have a screw thread

which greatly weakens the pipe. In this joint the wrought-iron

pipe is simply expanded at the end, just as you would expand a

boiler tube. Between those two
expanded ends is placed a cast-

iron ferrule. It is used as it comes
from tlie foundry, and does not

have to be machined. There are

grooves in the ferrule in which is

placed rubber or lead packing

(Fig. 163). Then, to draw the

parts together, a ring - shaped

flange which slips right over the

pipe is put on each side, made with

a bevel to fit the expanded end of

the pipe, and the bolts draw these

flanges together. This joint has

been used for several years in the

English collieries, and quite exten-

sively, both for water and for steam,

and under water pressures as high

as 4,00;) lbs. per square inch. I

understand that it has shown re-

markably good results. A mem-
ber of the Iron and Steel Insti-

tute, when in the country three

years ago, was the first to bring it

to my attention. He had used it

in his own colliery, and had got rid

of the trouble before experienced on account of blowing out of

gaskets from flanged joints.

Mr. Wm. A. P*7re.*—The very full and interesting discussion

on this paper shows that it has fulfilled its object, and with the

exception of one or two points spoken of below, there seems to

be nothing requiring answer or remark from me. In reply to

Mr. Kent's criticism as to my attem])t to account for the loss due

to vibration of steam in the pipe, I must, of course, admit that

the energy is not actually lost, and perhaps reappears in dryer

Fig. 163.

* Autlior'B Closure, under the Rules.
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steam ; but it still seems to me that the diagram represents the

energy in the form of work used in overcoming the inertia of

the steam and resistance of the pipe to the sudden and rapid

motion of the steam. I also admit that the friction resistance

vai'ies fi'om its maximum to zero at the other end of the pipe,

but it seemed to me that the loss per square inch times the

area of the pipe into the distance the steam would move
through the pipe, if it moved as under the influence of a piston,

would represent the lost work.

However, as stated in the paper, this portion was inserted

only as an (ittempt to measure the loss, and is of no special

consequence, the real object of the paper being to bring out a

discussion on piping, which I am glad to see it did.

With reference to the use of cast iron for piping, I am of the

opinion that it should be avoided wherever possible, though

it must be admitted that at present there is

no feasible way, at least of general applica-

tion, of doing away with cast-iron joints and

elbows. This, of course, prevents us from

getting the full benefit, as far as safety and

strength is concerned, of the use of wrought

iron or steel.

Nevertheless, by using cast-iron connections

of extra strength, and giving each one a most

careful inspection, it is believed that as a

whole a much safer system can be planned

when using wrought iron than cast. In the

sketch above < Fig. 165j is shown a method of making connec-

tions which has proved satisfactory, viz., to screw extra strong

cast-iron flanges on to the wrought-iron pipe, and also to rivet

them together. The connections are made with male and female

joints, with good packing. These joints have been found to

remain tight after once bringing the joints to a good bearing. I

believe that the principal objection to cast iron is the fact that

when rupture takes place it is always very suddenly, while

wrought iron, in many cases, gives warning by small leaks of

steam, thus giving time to shut down and avoid accident. This

was particularly brought to my attention in the case of some
spiral weld pipe which gave way at the connections in several

instances, but, I believe, invariably gave warning beforehand by
the hissing of small leaks of steam, gradually growing greater.

Fic:. 165.
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until rupture occurred by the slow pulling out of tlie pipe from

the flange connections.

As to expansion, it has been my experience that in most cases

there are enough necessary bends, with good lengths of pipe be-

tween, to provide for it without other means. In other cases

such expansion joints as Mr. Pearson refers to must, of course,

be used.

Professor Thurston's remarks as to the great force of a

" slug " of water in steam-pipes brings to my mind the fact that

after the " explosion " referred to in my paper I tested a piece

of the same pipe with blank flanges put in exactly as the others

were, and found that it took 800 lbs. of water pressure to start

the joint, showing that the water must probably have exerted

more than that amount of pressure.
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DLXXVIII.*

A METHOD OF MANUFACTURE OF LARGE STEAM
PIPES.

BY CUAS. H. MANNING, MANCHESTER, N. H.

(Member of the Society.)

The rapid increase in size of steam plants and of the press-

ure of steam used in recent years has of necessity changed the

design and material of steam pipe. For stationary engines with

pressure of from 60 to 80 lbs. per square inch, cast-iron was the

generally accepted pipe, whilst for marine purposes copper still

holds its place, though the method of manufacturing has

changed with the great increase of pressures ; but at best the

copper pipe in large sizes is dangerous, and has cost many lives

in the last few years.

Eleven years ago it became necessary for me to construct

several thousand feet of 20-inch steam pipe, besides consider-

able lengths of 15 and 12 inch sizes, and the satisfactory results

obtained lead me to describe the methods of construction. It

was decided to make a mild steel, riveted pipe, with die-forged

flanges of the same material, and rivet and calk the flanges.

For riveting the pipe an Allen pneumatic riveter was used

;

and as the extreme reach of the arms of the machine used was
about 70 inches, the courses were made of that length, netting

between roundabout seams 68 inches. I had observed that the

greatest difficulty with riveted pipe was keeping the roundabout

seams tight, and this was evidently caused by water accumulat-

ing about these seams on the bottom of the pipe when steam
died out ; then, when steam was readmitted to the pipe, these

small accumulations of water caused unequal expansion, as the

portions covered by them heated much slower than the unpro-

tected surfaces, and in this way leaks were started in the round-

about seams at the bottom. To avoid this, each course was

* Presented at tlie New York Meeting (December, 1893) (>i the American
Society of Mecbanical Engineers, and forming part of Volume XV. of the

Transactiorii.
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made the frustum of a cone, thus bringing the laps all in one

direction, and by placing the large end of the cone up-hill and

giving the pipe sufficient grade, it was easy to keep it free of

water at all times, and this has been entirely successful. (See

Fig. 166.)

To insure rigidity and tightness, ;|-inch thickness, with

double-riveted longitudinal seams and single-riveted round-

abouts, was settled on, which of course gives a very large mar-

gin of strength ; but if building for 160 lbs. pressure or above,

I should double-rivet the roundabouts also. The plates are

received from the mill sheared to the required taper. They are

then scarfed at corners, punched to template, planed on outside

edges for calking, and then are rolled to circle on rolls having the

outer end housing hinged so that it can be let down and the pipe

slipped off the roll. For convenience in handling, the lengths

are limited to nine courses, making the total length about 51

feet 2 inches, and in these lengths it has been shipped as far as

Nashville, Tenn., without mishap. The flanges, except where

coming on to valves or other castings, are of ;^-incli stock, and

for above exceptions i-inch stock. They are formed on a cast-

iron die with iron plug driven through them with drop-hammer

and are then trimmed on both edges in the lathe. To avoid*

making flanges of tAVo different-sized holes to fit the two ends of

the pipe, the last course of the pipe at the down-grade end is a

parallel course—that is, it is not coned, and is of the size of the

large end of the cone. The longitudinal seams are placed quar-

tering 45° from top of pipe, with the laps pointing up so as to

be readily accessible for calking. (See Fig. 167.) When in place

the flanges are riveted together, and it is preferable to have all

valves made with long necks and rivet them in place, so as to

avoid all packed joints. Before leaving the shop, headers are

bolted to each piece, and it is then calked under a steam press-

ure of 100 lbs.

The quarter turns for 20-inch pipe are made of 3-foot radius

of axis, and are formed from two sheets on a cast-iron former,

and have, when complete, one row of rivets along the back and

the other along the throat. (See Fig. 166.) Owing to their rigid

form, single-riveting is found to secure tightness ; but to allow

for drawing of metal in forming, -j^^i-inch stock is used instead

of J-inch. The tees are made of three sheets, which brings all

the riveting on the sides, and are made over formers similarly to
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the quarter turns. In the flat spandrels sufficient socket stay

bolts are used to insure strength. For branches up to 6 inches

diameter a threaded composition saddle is riveted to the pipe,

but for larger sizes a short piece of pipe of the desired size is

made by welding up from sheet metal, and then this is flanged

in a cast-iron former to fit the pipe, and riveted on. At the

other end a thread maybe chased, on which a cast flange may be

screwed, or a wrought flange may be riveted on, which latter

I prefer.

This pipe may be hung in chains, but where practicable I

prefer to support it from underneath. With the 20-inch size

it should be supported about every 17 feet, and it is my prac-

tice to support the 51-foot lengths in three places, at the middle

having a sliding foot consisting of a foot clamped firmly to the

pipe and sliding in ways secured on the foundation, and toward

the ends by rockers secured to the pipe and rocking on a cast-

iron plate. Where expansion is to be provided for, I use a

carefully constructed slip-joint, the female portion being pro-

vided with legs which slide in guides similar to those of the

sliding support of the pipe. These slip-joints are packed with

braided asbestos packing, and I find no trouble in keeping them

perfectly tight with about one new turn of packing per annum.

All large pipes are liable to water hammer, and a hammer
which would completely wreck a cast-iron pipe or split a lap-

welded pipe from end to end will have little or no effect on the

riveted pipe, except to strain the joints of the longitudinal

seams ; but I have never known a riveted pipe to give out.

This method of making the laps all in one direction is not

new, though I supposed it to be so for several 3'ears after I

began to use it ; my belief was changed by coming across a

piece of similarly constructed 12-inch pipe in a scrap heap, the

piece having the aj)pearance of being twenty or thirty j^ears

old, but of course the courses were much shorter than I use.

Some makers of large riveted pipe use very unsightly cast-iron

flanges, which they seldom succeed in keeping tight iov any

length of time, and the cost is fully as much as with the wrought

flanges. The accompanying illustration is of the exhaust pip-

ing of a pair of 2,000 H. P. Corliss engines, piped to use

one or both cylinders condensing or against back pressure, as

desired.
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DISCUSSION.

Mr. Clias. H. Manning.—The lateness of the hour, and the full

discussion of the preceding paper by Mr. Pike on " Sreaui Piping " ^

in which the topics of this paper also received considerable com-

ment, render unnecessary any extended closure. I was well aware

when I wrote the paper that the limit of 100 lbs. of steam press-

ure was fast going into ancient history. The scheme was laid

out eleven years ago, and has been thoroughly successful, and the

pipe is tight, without any trouble from leaking. I think if the

member who spoke in debate on "Steam Piping" had continued

his investigation a little further at the time he was making it, I

could have shown him a pipe which would have certainly made him

think more before he went back to cast iron. I should be very

loath to take the back track myself. Even with IGO or 250 lbs.

pressure, I would much rather do a little calking once in a while

than take my chances with water hammer, with 250 lbs. of steam,

on any cast-iron pipe ever made. This gentleman also stated,

as bearing on this subject, that he had a steam drum or separator

made of J-incli steel so as to be sure to get it tight. I think there

is where he made a mistake. The |-inch steel was amply strong

for the diameter, as I understand it, for any ])ressure ever to come
on it, and it is very much easier to make thoroughly good boiler

work with ^-incli steel than it is with |-inch steel ; but when the

pressures necessitate using |-incli steel the methods and means can

be found to make it perfectly tight under that pressure without

trouble. That there have been a great many bad wrought-

iron riveted pipes, there can be no question. They have given

immense trouble, and in some large ])lants have been taken out

very recently ; but it is not the fault of the material—it is simply

the fault of construction. They were made on bad principles,

and erected on worse. There is no trouble in making thoroughl}-

tight steel riveted pipe to stand any ])ressure used in steam en-

gineering tn-day.

* Trans. A. S. M. E., Vol. XV., page 536, No. 577.
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DLXXIX.

TOPICAL DISCUSSIONS AND INTERCHANGE OF DATA.

XXVIIlTH MEETING.

No. 579—99.

Given, a factory driven by steam power, where the power used varies greatly,

even as from 1 to 4, aa in a rolling mill.

It is desired to ascertain tlie average power used here for a whole day.

Which is the better of the following ways ?

First, To take ."ingle indicator cards at fixed intervals of lime by the clock,

and get the average of these ; or,

Second, To leave the paper on the indicator and allow it to run for a minute

or two ; then follow it quickly by anotlier, and so ov, continuously ; then judge

by the color of the band of pencil marks where tbe average line would run, and

calculate this power.

Is there any better way than one of these ?

Mr. Jos. C. PJatt.—I would like to say, as an explanation of

why I sent that question in, that I had occasion some time ago

to ascertain the power used in a certain factory. There was a

test made, and some were in favor of taking a continuous card

or a series of continuous cards. Others were in favor of taking

cards by the clock every minute, or two minutes and a half, or

five minutes. There was a marked difference of opinion with

reference to the question, and several gentlemen of very high

standing said that they had never heard of taking continuous

cards. Others said it was a common thing. So, seeing this list

of papers having so much about indicators, it occurred to me
that this Avould be a favorable opportunity to put the question

before the Society and get the opinions of other members.
My own preference was in favor of letting the indicator run for

a minute or more, and then seeing where the heaviest mark was,

because where between two revolutions of the engine the card

jumped from friction card to maximum card, a person who hap-
pened to strike one would certainly not get an average ; neither

would the other. I would like to know what the gentlemen here

think of the subject ; and if any one thinks there is any better

way, I would like to know what it is.

37
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Mr. Wm. Kent.—I think the plan of taking a continuous card

is the best under the circumstances. I had occasion once to

make tests of a throttling engine, under a variable load and a

poor governor, and I kept the pencil on the indicator card

perhaps ten or fifteen strokes, and then took the average of the

lines. In that case the lines made by the pencil usually made a

band, say a quarter of an inch thick ; that is to say, the lines were

pretty nearly uniformly distant. But I can see that with loads

varying irregularly, the heaviest, or most numerous, pencil lines

might be in one part more than another, and then the heaviest

shade of pencil lines would determine where the average was.

I think this method is better than the method of taking by clock

at definite intervals ; for it might happen that the time of taking

the cards w^ould be synchronous with the times of greatest load

or least load, and the average of the cards might be far from

representing the true average horse-power.

Mr. Geo. I. Rocktcood.—I think the subject under discussion is

very interesting.

Where the load is pretty nearly constant, it is my own practice

to use the card as suggested by Mr. Kent. In the tests of the

Oakdale engine, reported in connection with Professor Thurston's

paper, I held the indicator pencil on the diagram for a period

of half a minute. This resulted in cards having single lines for

back-pressure, compression, and steam admission, but in expan-

sion lines which Avere from .jV to j\| inch thick. ' Thus the

horse-power, as measured, must have been more nearly correct

than if we had taken but a single diagram.

Where the variations in load are excessive, as in electric

railroad or rolling-mill work, there is but one correct way of

indicating the power exerted by the engine, and that is to obtain

a diagram for every stroke. I saw recently a long roll of paper,

which proved to be a continuous indicator card, showing dis-

tinctly and separately a diagram for each stroke of the piston.

I thought that the metliod of obtaining this continuoiis diagram,

or series of diagrams, Avas by no means perfect, although the

eflfort to obtain such a series was certainly in the right direction.

A machine which would satisfactorily accomplish this result

would fill a want.

Prof. J. B. ]V('hh.—I cannot see that taking the heaviest mark

would be correct. Suppose the indicator to have made a rect-

angular card with a gradually decreasing pressure, so that the
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peueil Aveut over the same track at the bottom and ends of the

card, while at the top it drew a series of horizontal lines, result-

ing in a band of lines, say, a quarter of an inch wide. If the

lines are equidistant you have a simple band, and would be

justified in taking the centre of it for the average card. Sup-

pose, again, that you commenced taking the cards just before the

pressure commenced to fall, or that von continued taking them
after it had stopped falling, so that the pencil ran over the

same line three or four times at the top of the card, or bottom,

as the case may be. This Mill be enough to make a dark line

appear at the top or bottom of the band, whereas the correct

average would not differ much from the centre line of the band.

In fact, if the number of revolutions in the case of the simple

band, whose centre line is its correct average, be thirty, and if,

by adding six revolutions before the pressure commences to

fall, the heavy line at the top of the card is made, then the

correct average will be a line distant from the centre line by
only one-twentieth of the wddth of the band, so that the heavy

line at the top of the band would in this case be very much in

error. So it is evident to my mind that you might make a great

error in taking the darkest place in a band of that sort.

Ml'. JV. F. Durfee.—I do not know that there is any instru-

ment manufactured and on sale which will make indications of

this kind. But a number of years ago the French engineer

Morin designed and had built an instrument called a " comp-
teur " for registering continuously the traction of loaded car-

riages upon common roads. The general principles adopted in

this instrument were first proposed by M. Poncelet. Following

out the general ideas of MM. Poncelet and Morin, Professor

Moseley designed an instrument which he called a " continuous

indicator," which made a record for every revolution of the

engine. Any one interested in looking the subject up, will find

a large steel plate engraving of it in Vol. I. of the Prac-
tical ^fecha.nic and Emjine.er''8 Magazine published in Glasgow
in 1842. The instrument seems to have been very carefully

studied out, but for some reason or other it has never come
into general use.

Mr. C S. D I.I fton.—I have had occasion to take a good many
indicator cards in rolling-mill practice—I speak particularly of

that—and I think I am perfectly safe in saying that the method
of taking cards at regular intervals in rolling-mill work is ab-
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solutely unreliable. There is nothing approaching an average

of the power developed to be ascertained in that way, when you

take into consideration the character of the work. Perhaps an

ordinary case would be an engine having a maximum jDower of

500 H. P., in which the rolls running light would indicate

about 50 H. P. That means the heaviest pass through

the rolls requires 500 H. P. It depends altogether on the

character of the order and the way in Avhich the rolls are

handled as to the average of the power. The great majority of

the time the engine is running very light, and the cards I have

taken were usually not to ascertain the average power required,

but to determine the maximum, which is what is required in

designing. For rolling-mill work you have got to have an

engine large enough to do the maximum work. What is the most

economical load for it has nothing to do with the case. Hold-

ing a pencil on continuously for some time you can make a

better guess as to the average work than you can by the other

method. Probably by holding it continuously and measuring

every card you can get a reasonably accurate average.

2[r. F. H. Ball.— It seems to me this method might be very

misleading in a good many cases. Suppose on a card taken in

this way the lines were all blended together, so that the aver-

age diagram would be represented by the centre of the broad

line, and suppose that during most of the time the load had

been either the maximum or the minimum—don't you see it

woiild be very easy to get a result entirely at variance with the

truth ? It seems to me we would be much surer of getting

accurate results by taking individual cards, and if the load is

very intermittent, taking them continuously, following one right

after another. If we take the maximum load and the minimum
load, and average the two, it might be very far from the truth.

Mr. J. C. Phut.—My use of the word " average " was perhaps

misleading. I did not mean what you might call the average

between the highest and tlio lowest when I used that word, but

the power which was used most of the time. I can make it

perhaps a little plainer by telling you what the factory was.

There was a double 500 H.P. Cc^liss engine, and this engine

drove a large number of machines -which, perhaps, took one-

tenth of a horse-power, and a machine which took 100 or 150

H.P. This machine which took 150 H P. was very much like the

roughing-down train in a rolling-mill. It called for very heavy
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power for a few seconds, aud tlieu uotliiug except friction. So
the question came up as to what was the power used in that

factory, as to how much it would take to run that factory as a

reguhir thing. I gave an opinion that it -woukl require at times

700 H.P. to run that factory up to full capacity, aud at other

times they would not use over 150. With that explanation you
will understand just what I had in mind. One card taken

showed about 52 H.P., while others were about as near square

as can be taken from a Corliss engine.

The following cards are reproductions of some of the contin-

uous cards taken :

'."/; ,*

Fig. 168.

;^^|^S

Fig. 169.
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Fig. 170.

Mr. F. R. Low.—Some five years ago I had made by tlie Ash-

croft Manufacturing Company an indicator in which the pencil

was replaced by a planimeter wheel the angular position of

which with reference to the axis of the drum was varied by the

movement of the indicator piston. Instead of taking a diagram

the indicator revolved the wheel an amount proportional to the

area of the diagram which would have been taken had the pen-

cil been iised. By a train of recording dials the revolutions of

the wheel were counted, and it could be run for a minute or an

hour if need be, and give you at the end of that time the same

result that you would get by taking a diagram for every stroke,

measuring each and adding their areas together. It did very

well at slow speeds, but high-speed engines ran away with it.

Ml'. Daniel As-hivort/i.—I recollect seeing the indicator re-

ferred to by the gentleman. It was known as the Darke indi-

cator.

I would say that the plan of taking a series of diagrams, not

particularly to obtain the average, but to obtain the power

developed by the different passes, is one we are continually fol-

lowing up. It is my preference to take a single card ; Avhilst we

have no trouble whatever in obtaining the others Avith accuracy,

it gives us an opportunity of ascertaining in detail the s])ecial

pass without the confusion of papers afterwards Our blooming

mills, rolling mills, and rod mills, and especially our rod mills

—and you had better put the blooming mill also upon the same

plane—require considerably closer attention, ])r()m])tness of
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signalling and rapid working ; but we have no trouble whatever

in getting the power developed accurately and very distinctly

of the various passes, even by these high-speed operations, and

they are an interesting study.

Mr. Geo/'r/e Bichmond.—In this connection of continuous indi-

cators I am reminded that I remember distinctly having seen

some twenty years ago, in an instrument maker's in Manchester,

England, of I think the name of Storey, a continuous indicator

which I think was an integrator at the same time. I do not

know that I am correct about the name, but I have a very vivid

recollection of seeing that instrument and watching it from time

to time. The store was near the cathedral.

J//'. Ashicorth.—I would say that this continuous instru-

ment to which I refer was made by the Elliott Brothers of

London.

P/'of. R. C. Carpenter.—The gentleman no doubt refers to

the Ashton <fe Storey continuous power meter. This instru-

ment was made some years ago, in England, but judging from

the crude methods employed in the manufacture, I do not believe

it ever was a commercial success. Dr. Charles E. Emery pur-

chased one of these instruments, and about two years ago pre-

sented it to Sibley College. This particular instrument has

about the form and size of an old-fashioned eight-day clock. It

consists of cylinder and piston, a reducing motion, integrating

mechanism, and a dial on which is recorded the work of the

engine. Steam pressure acts on both sides of the piston ; its

motion is resisted by a spring, so that its travel is proportional

to the pressure acting in the engine cylinder. This acts on the

integrating apparatus, which is also moved by the reducing

mechanism, in such a manner that the resultant motion is pro-

portional to the work. The dial is graduated to show foot-

pounds of work per circular inch of piston.

A very much improved form of this instrument was exhibited

at the Inventions Exhibition, South Kensington, in 1885, and re-

ceived a high reward. This instrument was known as Ashton's

New Steam Power Meter and Continuous Indicator. It was
manufactured by Ernest Scott and Mountain, Limited, Newcastle-

ou-Tyne. From a private letter to Dr. Thurston I understand

that the instrument is no longer manufactured. Because of the

importance of such an instrument for engine testing, in connec-

tion with street railroad work, and of the manifest interest in the
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subject at this time, I have submitted the following description

and demonstration of principles of operation from the circular

issued from the former factory.

'• The indicator, as illustrated above, is composed of a small

double-acting cylinder A', each end of which is connected with

the corresponding end of the steam engine cylinder ; the motion

of the piston and piston-rod of this small cylinder is controlled

by the action of a spring L, which limits their range of move-

ment from the middle of the cylinder either way to a distance

proportional to the pressure on the piston.

" To this piston-rod is connected a cylindrical roller C by the

intervention of levers and crosshead A B D, ^o that the axis of

the roller can move in a plane at right angles to the axis of the

piston-rod and keep itself parallel to one and the same straight

line in that plane, and also to move with a velocity bearing a

fixed proportion to that of the piston-rod. The convex surface

of this roller is covered with teeth. A hyperbolic conoidal

drum 3/ is carried in a frame with bearings at i\" and N, which

frame can slide along the guides G and //, which are parallel

with each other, and also with the axis of the roller C in all its

positions. The convex surface of the conoidal drum 31 is also

covered with teeth similar to, and of the same pitch as, those on

the roller C.

" The plane through the axis of the conoid J/ and through its

point of contact with the roller C being at right angles with the

axis of that roller, and the pitch of the teeth being the same in

each, while the continued pressure of the spring *S' transmitted

on to the roller C, will by means of these teeth give continuous

interlocking connection between the roller and conoidal drum,

and if the frame i\"and N carrying the conoidal drum 31 he now
slided to and fro along the guides G and H, rotary motion will

be imparted to the drum in a direction corresponding to the

direction of that sliding motion ; and with a velocity dependent

upon the position of the roller C on the tapering surface of the

conoid. The frame JY JV carrying the conoidal drum is to be

connected with the crosshead or any other proper and con-

venient reciprocating part of the steam engine, so that it may
carry the conoidal drum in one direction along the face of and

in contact with the roller during the advancing stroke of the

engine piston, and in the other direction and in contact with the

roller during the return of the above piston, and in such a
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manner tliat its speed of motion at any instant has a constant

ratio to tlie speed of the piston at that instant.

"When therefore the engine is not in action the indicator piston

will be at about the middle of its cylinder, and the spring L
which controls its motion will be in its normal state of rest,

with the roller C in contact with abont the middle point of the

conoidal drum.

"On steam being admitted to one side of the engine piston, and

as a consequence to the corresponding side of the indicator

piston, the last-named piston is moved in its cylinder until the

force tending to move it is balanced by the resistance of the

spring Z, the aforesaid roller C being at the same time moved

along the surface of the conoid to a distance from its middle

proportionate to the pressure of the steam on the piston ; and

as the said conoid is moved along with its bearings by the frame

N N being slided by the engine crosshead along the face of the

cylindrical roller C and in toothed contact with it, a rotary

motion will thereby be imparted to the conoidal drum, the velo-

city of rotation being dependent on the speed of the crosshead

of the engine, and the position of the roller C on the conoidal

drum, or in other words on the speed of the engine piston and

the pressure of the steam on it.

"And in order that the differences of angular motion imparted

to the conoidal drum may be proportionate to the corresponding

differences of pressure on the piston during a certain and con-

stant amount of its movement along the face of and in contact

with the cylindrical roller, the diameter of each circular section

of the conoidal drum at right angles to its axis must be that of

a solid generated by the revolution of a hyperbola about one of

its asymptotes.

"Then during the forward stroke of the engine piston the conoi-

dal drum is moved, say, forward along the roller and in toothed

contact with it, while at the same time the roller is held by the

pressure of the steam, say, above the middle of the conoid, by

which means the conoid is driven rapidly round in one direction

during that forward stroke of the engine piston ; while during

the return stroke of the engine piston the conoidal drum is

moved backwards along the roller and in toothed contact witli

it, and at the same time the roller is held by the pressure of the

steam below the middle of the conoid, by which moans tlie conoid

is driven slowly round in the opi)osite direction during that
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bat'kwanl ov return stroke of the engine piston, tlie difference of

the anguhir motions of the conoidal drnm between the forward

and backward strokes of the engine piston being strictly pro-

portionate to the space traversed by that piston multiplied by
the pressure on the same, which difference is, therefore, strictly

proportionate to the power developed by the engine during that

double stroke, the same being true for every other stroke.

"A wormwheei F, connected with the conoidal drum, gives ro-

tation to the long pinion A', and thence through I motion is given

to the indices of the recorder by the wheel R. And because

the teeth of the long pinion E have a rifled direction given to

them equal to one pitch of tooth in the length of the circum-

ference of the middle section of the conoid, the result of the

above arrangement is that when the roller C is on the middle

section of the conoid no motion is communicated to the long

pinion by any sliding movement of the frame carrying the

conoidal drum, while when the roller is above the middle of the

drum and the drum is at the same time carried forward along

it, thereby rotating it rapidly in a forward direction, it is at the

same time driving the long pinion E round in a forward direc-

tion and also the recording indices in the same direction.

Again, while the roller is below the middle section of the drum,

and the drum is at the same time carried backward along it, and

thereby rotated slowly in a backward direction, it will at that

same time also drive the long pinion round in a forward direc-

tion as before, as also the recording indices, the record given by
the indices during the advancing and returning strokes of the

piston being proportional to the work done by it, the middle

section of the conoid being in effect the zero point of the record-

ing arrangements as well as the zero point of pressure.

THE FORMULA UPON WHICH THE CONSTRUCTION OF THE INDICATOR

IS BASED.

" Having thus fully described the various parts of the meter,

it may be advisable to give the mathematical calculations which

prove the truth and accuracy of the principles upon which the

instrument is based. They are as follows :

" The equation to the hyperbolic conoid referred to its as-

ymtotes is (a -l- x) y = h; in which a and h are constant, and y
dependent on the value of x.
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"Then, as above, v = = radius of conoid at distance x from^ a + X

its base.

" Let us assume a =- 4 inches, and /^ = 8 inches :

Then, when a; = 0, y = f = 2, or radius of conoid at base is 3 inches.

And when .r = 1, ?/ = f = If = radius 1 inch above base.

And when x — 2. y — % = \^ — " 2 inches " "

And when x = Z,y = l = \\= " 3 "

And when a; = 4, y = | = 1 = " 4 " " "

" Let the length of the stroke of driving roller C across the

face of the conoid = S inches.

" Then the number of revolutions, or parts of a revolution,

given to tKe conoid by the roller (7during one single stroke of the

S'

engine, will be N= ^ , where tt = 3.1416.
A TT y

" Suppose the roller to be in contact with the conoid in a plane

one inch above its base during the advancing stroke of the

engine, and in contact with its base during the return stroke :

Then N= ^
—^

—

:^^ = angular rotation during advancing stroke.

And n ~ ^ = angular rotation during returning stroke.

And, therefore,

^^
2 7r\li 2/~2 7rV8 Sy~27r''8~

rotation for double stroke.

" Suppose roller now to be 2 inches above base of conoid dur-

ing advancing stroke, and at base during return stroke

:

Then N-n = ^ V^ "
2^ 2 .r U " 4^ = 2"^ ^ S

=

rotation for double stroke.

Suppose roller now to be 3 inches above base of conoid during

advancing stroke, and at base during the return one :

Then ^-^^ = 2;rVM ~
2/ = 2 ;r Vs

" 87 = 2~^ ^ 8
"

rotation for double stroke.
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Suppose roller now to be 4 inches above base of conoidal dur-

ing advancing stroke, and at base during the returning one :

Then X - n =
S n 1\ S /8 4\ ^ 4

X
2 TT \1 2J ~ 2 7t\8 8/ " 2 ;r

rotation for double stroke.

So we see that the amount of rotation given to the conoid is

strictly proportionate to the traverse of the driving roller along

the axis of the conoid, and the amount of rotation of the conoid

is also proportionate to the traverse of the conoid along the axis

of the roller.

" We will suppose our spring L to distend or contract one inch

with the application of pressure either way to the amount of

10 lbs., and which we will call a 10-lb. spring. But we may re-

quire other and much stronger springs to measure the pressure

applied to the various engine pistons requiring to be tested ; so

that if a 20-lb. spring be applied in the machine, and the same

record is given on the indices in the same time as before, we
shall know that now double the amount of work is done in the

same time, or with a 30-lb. spring triple the amount, or with a

40-lb. spring quadruple the amount, and so on. We shall there-

fore call the 10-lb. spring No. 1, the 20-lb. spring No. 2, 30-lb.

spring No. 3, 40-lb. spring No. 4, and so on, to, say, 150-lb.

spring No. 15.

" We see that to obtain the amount of power developed the

record on the dial requires to be multiplied by the spring's

number which is in the machine at the time. Again, we will

suppose that the stroke of the engine piston be 5 feet, while the

traverse of the frame carrying the conoidal drum be 5 inches
;

had the traverse of that frame been greater or less than the

supposed 5 inches, the record given on the indices would have

been proportionately greater or less. So that taking

d = diameter of engine cylinder in inches;

I = length of engine stroke in feet

;

t = length of traverse of drum frame in inches
;

n = spring number
;

ii = reading of dial ; and
/' = any previous reading, each unit on the dial being taken

to represent 1,000 foot-pounds
;
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wi= minutes during interval between readings ; and

33,00U foot-pounds per minute to represent one horse-power

:

(i? — /') X 1000 X w X — = foot-pounds of effect per circular inch

of piston's area, between readings R and /•/ and

{R — r) X 1000 X « X — X t/" = total foot-pounds during interval

between readings i? and r. And, therefore,

{R-r) X 1000 X nx-^X d-

on /^/%r>
= effect in horse-power •

m X 33,000 ^

(R — r) X 11 XlX (h ^ , . ,

or, ^ —7^ = effect m horse-power.
w X 33 X ^

^

"And because n, I, cP, 33, t, are each constant in one and the same

engine, we may put

n X I X dc

33 X t
'=a

(R-r) C ,

and ^^ ~— = horse-power.
m

" So that in any case we multiply the result on the dial by the

constant C\ and divide the product by the time in minutes for

the power in horse-power effect."

No. 579—100.

Does copper undergo a change from prolonged service wliicli renders it unsafe

after a while to carry bigli-pressure steam in pipe or expansion joints, etc. ?

Mr. Gus. C. Henning.—In a series of investigations made in

Austria in 1890 on the subject of the deterioration of copper and

brass tubes in boilers, the committee reports that iu the course

of time the material does change under the action of gases or

heat, or both combined, but the exact amount of the change is

not given. I think the report will appear in print in a short

while, and then it can be seen wliat there is in it.

Af/-. W. F. Durfce.—I think it would be very important, in

connection with investigations relative to this matter, to have an

analysis of the metals of which the pipes were made. It is not
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by any means certain that everything which is sold and used in

the niannfaetnre of steam pipes is copper. Copper is liable to

contain a number of impurities which may aflfect in a very great

degree its ability to endure pressure under heat for any great

length of time, and no examination or test Avould be complete, in

my judgment, unless a very careful analysis was made of the

metal tested as to its chemical composition, so that we may
know whether we have got in use copper, or copper and some-
thing else.

Mr. W. E. Crime.—Copper becomes hard and brittle by bend-

ing, or from any blows of any kind.

No. 579—101.

How far can hydraulic (or other) presses be advantageously substituted for the

drop press, in the manufacture of small stamped metal articles, either by hot or

cold treatment ; especial regard being had to the making of plated wares, and to

the cost of maintaining the forming dies ?

J/r. WUli(uii Kent.—Mr. President, I have made a rough cal-

culation to show the difl&culty of adapting a hydraulic press as

a substitute for the drop press. Suppose we have to emboss a

surface in sheet metal through a maximum distance of one-eighth

of an inch, and we have a 200 lb. drop falling 50 inches, which
accomplishes the work. Assuming no give to the anvil, and
that all the work goes into the embossing of the metal surface

itself, the resistance of the metal to deformation through a

movement of the die of an eighth of an inch would absorb all

the energy of the 200 lbs. falling fifty inches, or 10,000 foot-

pounds. If the resistance were uniform through the whole
travel of one-eighth inch it would be equal to 80,000 lbs. pressure,

but if the resistance increases uniformly from to a maximum,
the maximum would be 160,000 lbs. We would have to substi-

tute for that drop press of 200 lbs. falling 50 inches, a hydraulic

press capabh; of giving a pressure of 160,000 lbs., which would
be rather expensive.

Mr. W. F. JJurfee.—In this connection I am reminded of a

statement made to me some few months ago by a party who has
had quite a large experience in the manufacture of drop forgings.

He said that he had demonstrated that the wear of the dies was
in a great degree caused by the rush of the air from under the

forging up along the flanks of the dies and along the sides of the
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plunger that compressed the metal, and as the result of quite

an extended series of experiments he had demonstrated that

nickel-plating the dies was a very great improvement, and pre-

vented in a very great degree the wearing of the dies from that

cause. I am not able to state from personal experience the

facts in regard to this matter, but as the prolonging of the life

of dies for drop forgings is of importance, I take the liberty of

calling the attention of those interested in drop forgings to this

improvement.

No. 579—102.

What is the best mode for packing the rods and plungers of hydraulic

machinery, particularly under high pressure?

Mr. John E. Cooj>er.—Tlie earliest form of stuffing-box, which

is reproduced in perhaps greater number than any other at the

present time, is that in which the bottom of the box and the end

of the gland are conical (Fig. 174),

having the inclination toward the

rod ; the object being to gather the

packing in from the outer circum-

ference and force it against the

moving part to secure close con-

tact ; the object of course being

to obtain tightness, for preventing

leakage of the fluid under pressure

within the cylinder, from Avhich the

rod, plunger or trunk passes into

the atmosphere.

Equally as good results have

been obtained by the use of square

ends (Fig. 175) as by the bevelled

ones. Such have been numerously

made and put to the test of every-

day successful service, but the

writer is not aware of any compar-

ative trials having been made to prove the better form. This has

at least the advantage of economy of time in its production.

The effect of the bevel is to force the loose ends of fibrous

packing into the joint space between rod, head, and gland,

which in time must gradually wear them away. Naturally
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enough a square end would Lave less tendency to do this, and

ought to be a better form, if this reasoning be correct. It is

fair to presume that it is. The writer was informed that a

remedy had been found for this waste and consequent leakage

under the higher hydraulic pressures.

This remedy is given in Fig. 176 of our ideal sketches. The

bottom of the box and the end of the gland are grooved or con-

cave, as if it were proven that the drifting of the fibres into

the joint could be prevented by an arresting edge or flange

;

which has been done, and so Mr. Dickie of San Francisco says,

" That's a good stuffing-box."

Many of us have used cupped leathers, both single and double,

with, no doubt, good and bad results. I believe that much of

the bad has been caused by using a low grade of leather, as well

as by lack of support at the point where it bends to the moving

part, and is perhaps subjected to greater punishment at that

place.

In the double-cupped leather it is noticed that they wear

mostly at this point, as shown in Fig. 177 ; but if, instead of

making their chambers square-cornered, as is usually done, they

were shaped to fit the curve of the leather, as in Fig. 17S, and

then held in place by a wooden ring, made in segments for easy

insertion, they would last much longer. The writer has tried

this plan, and can report favorably thereon.

The necessity of supporting the weaker members of a structure

we are not slow in understanding ; to apply the remedy, when
known, is also within our business philosophy.

Mr. Ericin Graves.—The methods of packing for hydraulic

machinery may be divided into two classes : First, that in which

the pressure of operating liquid itself serves to expand the

packing and cut off escape ; and, second, that when the packing

material is, by compression from an outside application of force,

brought into a sufficiently close contact with the moving parts,

to prevent the escape of the pressure liquid. The cup leather

is an illustration of the first, while the ordinary stuffing-box with

fibrous packing the second.

The cup leather has serious drawbacks when applied to the

commoner class of machinery, but on account of simplicity and
neatness, with capaV)ility of preventing leaking under all ranges

of pressure, and with a minimum of frictional loss, is, and will

continue to be, employed in a variety of ways, particularly in the

38



594 TOPICAL DISCUSSIONS AND INTERCHANGE OF DATA.

finer class of hydraulic tools. It may not be uninteresting to

give a brief summary of published results of tests for determin-

ing the friction with this method of packing. The most com-

]3lete of these is that conducted in England by Mr. John Hick,

whose experiments were with plungers 4-inch and 8-incli

diameters, with leathers from g inch to | inch, and pressures

from 443 to 6,375 lbs. per square inch. With the 4-inch

plunger, the frictional loss in percentage of the pressure on the

4-incli area, of one thoroughly lubricated packing, was from

1.25 with 443 lbs. to 0.75 with G,375 lbs., and was the

lowest (0.50) at about 2,000 lbs., the average of the whole

range being 0.70 ; with the S-inch diameter jDlunger, under

like pressures, the percentage was from 0.42 to 0.33, with the

lowest (0.26) at about 2,500 lbs., and an average for all

pressures, 0.316. It was found that the depth of the leathers

—

that is, the width of the rubbing surface—did not affect the

friction ; that this was practically the same whether the leather

was I inch or | inch.

A series of tests on this same subject was conducted at the

erection of the St. Louis bridge. The plungers here experimented

with were 6-incli and 9-inch diameters, and the pressures very

much less than the English tests, ranging onlj' uj^ to 273 lbs.

With the 6-inch plunger, the percentage of friction was, at 60

lbs., 1.92, and ranged down to 1.06 at 273 lbs. ; while with

the 9-inch plunger, under like pressures, the range was from

1.64 to 0.90. Tests with leathers of different depths gave

practically the same result, agreeing in this particular with those

of Mr. Hick.

Mr. Hick concludes the subject of his tests of cup leather

packing with observations, of which the following is the sub-

stance :

That the friction increases with pressure.

That for different diameters under the same pressure the fric-

tion of rams will be in the proportion of such diameters.

That the depth of the leather does not affect the friction.

For determining the friction he gives the following formula

:

F = I) X P X c, in wliicli /'' = total friction of leather collar;

D = diameter of plunger ; P — pressure per square inch ; and

c = ii coefficient, which he puts for well lubricated at 0.0314,

and for badly lubricated at 0.0471.
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In practice it is not likely that the working part of a machine

would be in the perfect condition of an experimental apparatus

;

hence if I were called upon to use this formula I should double

or treble the result it gave for the friction of a leather packing.

In the following cases I have employed leather packing in

" U " form, and made in a simple way, for application to some
horizontal acting presses with cylinder 30 inches and 48 inches

diameter, and which gave most satisfactor}- results both as to

lasting qualities and effectiveness. To have made these in the

usual manner, from one piece of sole leather, would have been

impracticable ; the ones used were formed of strips of best quality

of "harness" leather, cut about If inches wide, with pieces

joined together by laps about 4 inches long, tapered so as to have

the joint the same thickness as the balance. The laps were

stitched together on one edge only, and the whole formed into a

flat, belt-like ring, the diameter of the recess in the piston which it

was intended to jDack. To put in place, the leather was softened

in warm water and made as pliable as possible, and then bent by
hand into the " U " form as it was inserted into its place ; this

done, the hollow formed in the dish of the leather was packed

loosely with strands of hemp so as to fill the space and hold the

leather against the cylinder when pressure of water was not per-

forming this duty ; the whole was secured in place by a flat iron

ring bolted against the piston. As an example of the wearing and
working of such arranged leathers, I would state that in service

the piston is moved forward at each operation from 8 to 12

inches, with water under a pressure of 15 lbs., and that the

tightening up is then done with water at 325 lbs. ; the cylinder

pressure required for each operation varying from 100 lbs. up to

that limit, but that such increase of pressure produces only a

small forward movement of the ram—probably not over f of an
inch. Under such service leathers stand, without attention,

from 30,000 to 45,000 operations of the press. I would add that

the backward motion to piston is produced by suction of the

exhaust, and that both sides of the piston are fitted with leathers,

facing in opposite ways. The long life of these leathers is un-

doubtedly owing to the small motion of the piston while there

is a pressure of any extent acting.

Coming to the subject of the stuffing-box and fibrous packing
method, and taking up the question of friction as found by
every-day practice, one can encounter a wide range of results
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and can find cases where the friction is several times what it

should be. Where such excessive friction exists it may be
traced to one or more of the following causes—bad form of box,

imperfect packing material, unskilful work in packing, unneces-

sary or uneven strain on gland, imperfect plunger, or, finally,

bad lubricant.

Most establishments employing hydraulic power are provided

with an accumulator, and there is not a better apparatus for

simple and practical observation of the friction of a plunger

than this. All that is necessary is to attach a pressure gauge

to the water connection and note the pressure in the rising and
falling of the accumulator ; when rising there is the resistance

(which resolves itself into pressure per square inch) due to

the load plus the friction, and in falling the load minus the

friction ; or, in other words, the friction in pounds equals

one-half the difference in pressure per sqiiare inch, multiplied

by the area of the plunger in inches. It is well to keep
in mind that a plunger with fibrous packing set to resist a cer-

tain pressure does not, on a less pressure, follow the rule laid

down for cup leathers and have a less friction in proportion

to such less water pressure. On the contrary, with packing out-

wardly remaining the same, the total friction or power neces-

sary to slide the plunger through the same is probably greater

with the surrounding water at low-pressure than at high ; the

reason for this being that pressure to a certain extent com-

presses the packing and forces itself in between that and the

surface of the plunger, thus acting in a double way to release

the packing pressure and to lubricate the i)lunger.

The following are observations of accumulators taken in their

every-day operation without any special preparation, but which

had originally been carefully packed.

Accumulator with 11-inch diameter plunger, loaded to give

320 lbs., showed a difference of 10 lbs. between up and down
motion ; this represents a resistance of 475 lbs., or 1.56/'"^ of the

load.

An accumulator with 4 ,''0 -inch diameter plunger, loaded to give

1,600 lbs., showed a difference of pressure corresponding to 219

lbs. friction, or 0.93;5^. This last is quite as low as could be

expected with a cup leather. Tliese accumulators were packed

with 5-inch " square flax."

I do not think that any particular method of packing can be
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named as the best for all circumstances ; much depends on the

service, surroundings, and nature of the machine. In certain

classes, where the required motion of parts in contact is small

and the pressure great, some of the forms of leather, " hat,"

" cup," or " U," will give results that cannot be attained by any

other means, particularly as to small space, tightness, and light

friction. For the stems and rods of hydraulic valves and such

similar work, this method will usually be found the best.

Of the larger and heavier class of work, such as cranes, accu-

mulators, etc., the stuffing-box and gland should be used, and

for the packing my preference is strongly for braided " square

flax." "With the class of machinery named, when an externally

accessible packing can be used I should never employ leathers.

In designing stuffing-boxes I see no reason for much variation

in the size of the packing space, and should confine myself to

one size, § inch or j inch. The depth of the packing recess can

be from 4 inches to 6 inches according to pressure, and the

following shoulder of gland, half as much. To pack, obtain the

braided flax of the size of the space in the box, and cut to length

forming a ring ; care being taken in doing this, so that when in-

serted the ends do not overlap and form a lump, or that there is

a vacant space at the ends ; these rings to break joints and each

to be separately and firmly pressed to place. "When this is done

and the gland down, the nuts should be set up very slightly, and
then loosened off so as to be turned with the fingers—leaving

them in this condition to be tightened as may be necessary

after being put under pressure. In use, keep the gland square

with the plunger, and limit the tightening to as little as neces-

sary to reduce the small leakage to the limit allowable. The
oil used for lubricant should be of a quality that will not " gum,"
but leave the surface bright.

The plungers in construction must be turned with care, a dif-

ference in diameter between different places that is hardly per-

ceptible will show very plainly when put into use.

As a supplement to the foregoing observations on the subject

of hydraulic packing, I would submit the result of some experi-

mental tests made with a view of throwing some light on the

question of friction of fibrous packing under varying hydraulic

pressure. The opinion which I held was, that in the case of a
rod or plunger packed with material of this nature, the friction

was not greater, and probably was less, with the pressure on
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than off. On this subject I have been unable, after diligent

search, to find that direct tests have been made ; the question,

though, has been raised and a difference of opinion expressed

;

an instance may be found in the 1887 volume of the Transac-

tions of the American Society of Civil Engineers, in the dis-

cussion concerning the Athens testing machine.

To make these experiments, an appliance at hand was utilized,

and, while the depth of packing-boxes was not what would
be usual in practice, it is not likely that with deeper boxes and
more packing, results would be obtained relatively very differ-

ent. The accompanying sketch (Fig. 179) shows the apparatus

employed ; the plunger is 9

inches in diameter, and the

boxes were each packed with

three rings of f inch square

braided flax (" Clinton brand"),

and glands set up sufficiently

tight, so that at 400 lbs jDress-

ure the leakage was reduced to

about ten drops of water per

minute ; no lubricant was used

other than that contained in the

packiDg. The piece acting as a

cylinder and carrying the packing-boxes was held rigidly, and the

plunger moved through it, the necessary power for doing this

being measured by a spring balance applied to the long end of

a lever which had a fulcrum on one end of the pluuger ; the

motion given to the plunger being six inches. It will be seen

that outside of the friction of lever bearings and that of moving

the dead weight of the plunger, the additional power required is

that caused by the friction of two stuffing-boxes. In the tabu-

lation of results the dead load friction has been deducted, and

the figures given are the averages of over one hundred tests in

both directions of the moving plunger. With each test the

averaged pressure shown by scale through the entire motion

was taken, and the order of tests with relation to pressure

varied, one series beginning with 400 lbs. and working down,

and the next in the opposite way.

Friction of two stuffinj^-boxes— no water pressure, 447 lbs.

" " .< < 50 lbs. water pressure, 386 "

100 367 •'

' '• ir,0 " " " 337 "

Fig. 179.
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Friction of two staffing-boxes— 200 lbs. water pressure, 305 lbs.

250 " " " 275 "
•• " 300 " " " 275 "

.. .< .. 350 <. .< .. 267 "

'• 400 " " " 263 "

Furtlier tests with packing glands tightened to an unnecessary

degree, while causing more friction, showed relatively the same
differences with the varying water pressures.

Tests were also made for determining friction of rotating

plunger. These were taken with packing in same condition as

with above tabulation, and the power was applied on a lever

4 feet 6 inches froui the centre of the 9-inch plunger. The
results were as follows :

With uo water pressure, 47 lbs.

" 100 lbs. water pressure, 44.5 "

" 200 " " " 40 "

" 300 " " " 38 "
" 400 " " " 34.5 "

The conclusion that with fibrous packing tightened up about

a rod or plunger for resisting a certain pressure it offers more
friction to the movement of the same as the pressure is reduced,

appears to be verified.

Jfr. Eckley B. Coxe.—At our mines, we have, in addition to

the difficulties ordinarily incident to the packing of pumps, to

contend with the effects of the sulphuric acid in the mine water,

which attacks the plungers and renders it very difficult to keep

the pumps in order. For the last five years, we have been

using with success what I believe to be a novel system. The
accompanying sketches (Figs. 180 and 181) show the plan

adopted. A-A are the water cylinders, B is the plunger, and
K is the cylinder which replaces the stuffing-boxes and con-

tains packing. It is bored out so that the plunger will just

slide through it. In the centre of it there is a large groove L,

which is cast in the cylinder, having a hole F on top, into which

is screwed a plug C and another at the bottom G, into which a

piece of gas pipe is screwed. To the right and left of this large

groove L, there are three small grooves I) which are cut into the

cylinder when it is bored out ; and still farther to the right and
left a groove ?J, which is similar to I), but wider. The pipe M,
•which is screwed into the cylinder at G, connects with the
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bottom of a small cylinder

1, which is known as the

grease cylinder, in which a

piston moves which is actu-

ated by a water engine '/

placed immediately above it.

The packing consists of

beef-fat which is taken from

around the kidneys. If you
take a piece of this fat and

try to tear it, you will find

that it is full of fibres, and

that it does not tear easily.

By means of the two stop-

cocks the pressure of

the water from the column
pipe can be turned either

above or below the piston of

the water engine, and by the

same stop-cocks, the water

allowed to flow out of either

end. By turning the water

under the piston of the Avater

engine, the piston N of the

grease cylinder is raised out

of the latter. This cylinder

is then filled with the above-

described fat cut into pieces

about one inch cube, which

have been thoroughly rolled

in graphite. The water is

then reversed, and this grease

forced through the pipe M.
This continues until the pipe

and the large groove L are

entirely filled with a solid

mass of com])ressed grease,

which finally leaks out of the

liolo /'', looking very much
like an ordinary candle.

Tlio hole /*' is then closed
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with a plug, the grease piston 3^ turned back and filled with fat,

and the pump is ready for operation. Two piston rings are

sprung in the two outside grooves E, which close upon the

plunger and prevent any outflow of grease. It will be observed

that the groove L is much wider at the bottom than at the top :

this is so regulated that the excess of upward pressure on the

grease carries the plunger and prevents it wearing the bottom of

the packing cylinder more than the top. After this has been

done, it is only necessary, from time to time, as the grease

plunger descends toward the bottom, to reverse the water and

fill up the cylinder. Practically, we do this every morning, as

the amount of grease used in a day does not require the filling

of the cylinder more frequently.

The plunger running through the grease under this pressure

becomes thoroughly coated with the grease and graphite, so

that a drop of water placed upon it assumes a spheroidal form

and does not wet the plunger. The consequence is, there is no

action of the acid water on the iron, except at the ends, which,

of course, are made heavy enough to allow for a long-continued

action of the water, although we find the ends in practice to

become covered with grease so that the action is very slight.

The apparatus itself is very much like a sausage machine.

The first one was put in in Aj^ril, 1889, at a place where we had

very bad water. The plungers here seldom lasted more than six

mouths, and the same plunger we put in in April, 1889, is still

running and has had nothing done to it. We have measured it

once or twice, but find no appreciable wear. "We have these

pumps running under a pressure of from 200 to 400 feet of

water, and have no trouble with them. It takes about one pound
of grease per day to run a plunger 16 inches in diameter with a

6-foot stroke, making from 10 to 20 strokes per minute. This

grease is worth about four cents per pound.

"We have this apparatus now running with a large number of

our pumps, and are putting them in as fast as we can get

around.

In order to test its efficiency, we have often taken off the end
of one of the cylinders, when the plunger was about beginning

its stroke into the other, and allowed it to make its stroke, but
there was no water visible.

One great advantage of this is that in our mines we are often

obliged, during the heavy water, to run our pumps very fast, and
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it is always at this time that the ordinary packing gives out,

when the men have the least time to replace it, and have to do
so under the greatest difficulties. With this packing it can be
done in a few minutes, at any time, without interfering with the

running of the pump. In packing the ordinary plunger pumps
in a hurry, it is very doubtful whether the two piston stuffing-

boxes are screwed up exactly even and brought exactly into line,

in consequence of which very great additional friction is often

brought upon the plunger.

Mr. C. W. Barnahy.—I would like to ask what difference, if

any, you make in the relative diameters of the pistons there.

Mr. Coxe.—We first thought it necessary to make very accu-

rate calculation so as to avoid too much pressure, but we now
find it unnecessary. We now make our water cylinder larger

than our grease cylinder, and always have a greater pressure on
the grease cylinder than on the water cylinder, and we provide

in the pipe a plug-cock H, which regulates the flow of grease

and prevents any appreciable waste of it. We first tried to use

tallow, but it would squeeze out. The fibre in the fat solved

the problem.

It is important that the plunger should be turned as large as

possible, consistent with its passing freely through the packed
cylinder.

Mr. Kent.—Is the plunger-rod packed in the same way ?

Mr. Coxe.—No, I have not gotten that far yet.

2Ir. Kent.—Is it moved by a rod ?

Mr. Coxe.—Yes, it is moved by a rod.

Mr. Kent.—Any trouble with corrosion in the rod ?

Mr. Coxe.—No, we generally use bronze rods.

Mr. W. E. Crane.—Among the best packings is a kind called

" Combination Packing" made in Cleveland, Ohio, and a square

packing made up of canvas and rubber, but without rubber

back, sometimes called " Tuck's."

A very important thing is the use of black lead. This is much
better when mixed up in form of grease and afterwards thinned

to proper consistency with oil.

The packing should be soaked, or rather covered with this,

and rods and plungers covered with it when they are dry, as it

will not adhere to a wet rod. In case of pump rods and plungers,

some means must be provided to ap])ly it continuously ; but in

case there are small holes or ports about any of the machinery.



TOPICAL DISCUSSIONS AND INTERCHANGE OF DATA. 603

B Fig. 182.

Fig. 183.

it should be used judiciously or they will become plugged and

closed.

On elevators, accumulators, and the general run of hydraulic

benches, the application of the lead is not necessary oftener than

once per day, and in many cases once per week.

For some kinds of work a moulded rubber packing after the

general desigji of the ordinary cup packing of leather is ex-

cellent.

Mr. A. H. Raynal.—I have listened with great interest to this

discussion, as at frequent times in my professional life I have

been brought in contact with different classes and styles of pack-

ing.

The hydraulic packing referred to

in the paper by Mr. Cooper was well

described in a paper read before

the Iron and Steel Institute of Eng-

land about 1870.

There are, however, some points

of interest not mentioned in his

paper which are of vital interest to

us. It is with leather as it is with

many other things, there are many
kinds and qualities of leather. As
we have money that is no money, as

we have wood that is hardly wood,

so we have leather that is hardly

leather and unfit to be used in hy-

draulic packing. For instance, that

part of the hide which is right over

the neck and which is as hard and
stiff as a brick. So first of all choose

a good piece of leather, soft and pliable, yet strong; your common
sense will soon tell you which to select.

Then again, like money, like the tariff question, like other

things, leather has got two sides. This (Fig. 182) represents

the thickness of a piece of leather. A certain portion of it,

the upper part A, the hair side, is firm and solid. The
other part, B, is made up of fibres running at right angles to

it, having little cohesion and strength. This part B should be
placed against the rubbing surfaces, for while the fibres will

wear down, the part A will keep the fibres together. But were
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you to place the part A in contact with the rubbing surfaces,

then as soon as wear had consumed this small amount of thick-

ness, all the rest of the fibres would lose their support and fall

to pieces. Not enough care is exercised by the parties making

the packings. As a rule, they are made by some handy " Jack."

The superintendent hardly ever pays the slightest attention to

it. Some " second-hand " clerk is asked to order the leather,

and he buys what he can buy for the least amount of money.

Then the handy fellow, sometimes the storekeeper, or the

engineer, or even the watchman, sets about making the packing,

never dreaming that there might be a difference which side is

best for wear.

There is another point of great importance in hydraulic pack-

ings, and that is the manner of making the grooves which hold

the packings, so as properly to support the rounding portion of

the leather.

To illustrate, take the packing shown in Fig. 183, showing the

usual groove in the cylinders of hydraulic presses. You will

observe a small triangular corner space at C, which does not

support the packing, and the friction of the plunger, which is

great, has a tendency to crowd the leather gradually into this

space, buckling the leather, breaking it, and wearing it out

soon.

Fig. 184 shows portion of a piston for compressors with

hydraulic packing, illustrating how the leather should be sup-

ported. Manufacturers of such pistons have learned to pay

the greatest attention to the careful making of the distance

piece A between the packings, making them of the very best

material for the purpose of obtaining a sharp edge, generally

using wrought iron, at times going so far even as to make
the central portion of common iron, welding a ring of Swedish

iron around the outside, turning it as sharp as possible, and

even grinding the edges.

The lips of the leather are frequently made too long ; they

should be short, carefully cut at an angle, and a space should

be left behind the leather, between it and the follower, to admit

the fluid behind tlie leather to press it against the wearing

surface.

J/r. W. F. Durfee.—Mr. Raynal has just touched on a point

on which I wish to speak. In boring out the upper ends of

hydraulic presses made of cast iron, it is exceedingly diiOScult to
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<zet that tliiu ousji which is represented in the last cut on the

right-hand side of Mr. Cooper's engraving, sharp enough. It is

very liable to crumble and break away in the boring operation.

That has probably caused the manufacturers of hydraulic

presses to substitute a square groove, such as is represented at

the top on the right-hand side, for the concave groove below. I

have found it advantageous in such cases to put above the

convex surface of the leather packing a ring of brass. This ring

of brass is made in three or four sections, cut before it is turned

up, so as to get it into place in case the press is made with a

solid top. This ring is inserted just above the cup leather, and
is turned concave on its under side. In that way the very sharp

edge that Mr. Raynal has insisted upon, and very justly so, as

being desirable, can be made without any difficulty. The con-

struction works very well in practice.

Jlr. Charles E. Emery.—The discussion has proved very in-

structive. There are three features I will mention which may
be of interest in this connection. In regard to the reduction of

fi'iction with increase of pressure when ordinary packing is

used, in stuffing-boxes, it may be remembered that for some
years I have recommended, in making engine tests, that the

stuffing-boxes containing flexible packing be slacked off before

taking friction diagrams. I

have taken friction diagrams

with small engines which

showed that the apparent

friction of the engine was
much more than the joint

friction of the engine and

load when tried with the dy-

namometer, which was traced

to the use of flexible packing.

In the design of the dy-

namite guns, considerable

difficulty was found in ob-

taining a packing which

would be tight under a

thousand pounds pressure.

Ordinary leather packings

were made in the various forms, and with all the care to

get a sharp packing edge and other features s.poken of here,

Fig. 185

Fig. 186.
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but they would persistently leak. Mr. George H. Reynolds

finally insisted that the air went through the pores of the

leather, and put in double cup leathers facing toward each other,

and provided a pressure of oil between the leathers, which, as

a whole, acted as a stuffing-box. (See Fig. 185.) The effect was

that the oil under pressure kept the leathers out, stopped the

pores, lubricated the rods and stopped the air leak.

Some here may remember an idea of mine in connection with

reducing the apparent friction of cup leathers. For a hydraulic

ram used as a straining press for a testing machine, I arranged

to revolve the ram at a much greater velocity than the movement
of translation when the two motions combined, exactly like

pushing a fly-wheel along a shaft. We all know that if a loose

fly-wheel be revolved, a man can push it longitudinally with his

heel. The slightest force will move a weight one way, when the

same is already in motion, in a direction at right angles to the

motion desired. I reduced the apparent friction of the ram
longitudinally in the same Avay ; that is, by making the motion

of revolution so great that very little difference of pressure was

required in the other direction to overcome the friction. The
plan was to have been adopted on the Government machine in

case the A. H. Emery special features failed, which, of course,

they did not.

There is still another point which will be appreciated by those

who have had experience with cup leathers in elevator work.

Some years ago, in attending to some work of this kind, it

occurred to me that the idea of running the points of the

leathers over holes was ridiculous, and I had some external cup

leathers made, through which a plain piston entered against the

pressure, and by means of external cup leathers, combined with

leathers formed on the piston itself, a ])erfect valve was made,

in which the pressure was always on the points of the leathers,

without any holes whatever. (See Fig. 1^^6.) You will find that

in this way valves can be made very much more satisfactory

than by the system of cup leathers riding over small holes. I

probably patented the plan, but no more work of that kind

coming in, the matter was not followed up.

Mr. Will,. Kent.—I would like to ask if any one can tell us how
the plungers for those large compressing apparatus used in steel

works are packed, such as at Cramp's and at Bethlehem, where

these tremendous pressures are used for compressing steel.
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No. 579—103.

Will there be any difference iu the size of the chimney required, when the

boilers are the ordinary tubular type, or of some of the water-tube forms?

Mr. TJieo. F. SclierHir.—In my opiuion, there should be a dif-

ference in the area, due to the difference in extra length of hori-

zontal smoke flue ; that is, the number of times the smoke
travels the length of the boiler before getting to the chimney.

Otherwise there should be no difference in the size of the

chimney, other than the difference in the horse-power between a

certain size tubular boiler and a certain size water-tube boiler,

as the case may be. The area of the chimney in both cases

should be determined from the quantity of coal likely to be con-

sumed per hour per horse power, and by the difference of

horizontal smoke flue. The height of the chimney being usually

fi.rst determined, on account of local considerations, such as the

by-laws of local authorities, the area at the smallest point of

chimney may be found. When a tubular boiler has a third

return flue over the boiler, the combined lengths of the three

horizontal flues may be longer than the combined length of hori-

zontal flues in a water-tube boiler of the same horse power.

Where there is a greater length of horizontal flue, a greater

chimney area is advisable. The proportionate effect of great

length of external flues may be allowed for where a flue circuit of

100 feet is taken as unity, and a proportionate additional area

of chimney must be allowed accordingly.

As an illustration, we will take a boiler of 80 H. P. and a coal

consumption of 400 lbs. per hour, with a third return flue over

boiler, and the combined length of horizontal flues 50 feet, and
the stack >0 feet high. The formula for above would be as

follows

:

12 C

Where A = area of chimney shaft in square inches at top or

in smallest part

;

C = number of pounds of coal consumed per hour

;

H = height of chimney in feet above grates ; and
1.076 = constant for horizontal flue 50 feet long ; and

12 = constant.
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Example

:

A = ^-|4t-^ - 1.076 = 498 square inches,

which is the area of chimney at smallest part in square inches.

In the case of the water-tube boiler, if the horizontal flue was

only 25 feet long, then the above would be divided by 1.152

instead of 1.076, which would give 465 square inches for smallest

area of chimney for the water-tube boiler, making a difference

of 33 square inches between the tubular and water-tube boilers.

If we reversed the conditions—that is to say, the tubular boiler

has the horizontal smoke flue 25 feet long, and the water-tube

boiler flue 50 feet long—then the area for the water-tube boiler

chimney would be 498 square inches and the tubular boiler 465

square inches. It will be observed by the above formula that if

the conditions of both types of boilers are exactly the same, then

the area of the chimney will be the same at the smallest point.

But in the case of the tubular boiler in the first condition, the

length of the horizontal flue was taken at the maximum length,

i e., with the third return flue over the boiler ; whereas the

tubular boiler in ordinary practice only has two turns, which

would amount to about 30 feet.

The writer cannot say for a positive fact that all water-tube

boilers have a longer horizontal flue than the ordinary tubular

boiler, but knows that on several different makes of water-

tube boilers they are somewhat longer, but not enough longer

to choke the draught if the chimney should be calculated

without taking into consideration the length of the horizontal

flue or the number of turns the smoke may have made in getting

to the chimney.

Mr. W. 0. Webber.—The size of the chimney would depend

on the area of the flues, in the tubular type of boiler, and a

larger allowance should be made for the tubular boiler, in

regard to friction through the tubes, than for the water-tube

type ; but both should be figured according to the horse-power,

and under the same conditions.

Mr. W. B. Levari.—I would like to say that this question of

chimneys and boilers seems to be rather mixed. I was called

in to look at four 100 H. P. boilers connected to a chimney

48 inches in diameter and 150 feet high. The maker of the

boilers and the engineer in charge asserted that the chimney
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had all it could do to supply those boilers with draught. When
I looked the matter over I could uot understand why the chim-

neys should be limited to those four boilers ; and the result was,

after a careful examination, I stated that they could put in four

more boilers of the same dimensions, which they did. The
chimney, accordin<jj to the published tables, would only be

available for -480 H. P., but up to this time boilers of 1200

H. P. are connected to it, so that the question of horse-

power of chimneys as per published tables seems not to be

understood. If we take the rules as laid down by Box, Peclet,

Briggs, or Kent—Kent's horse-power tables come nearer to the

results as shown by practice. He says 800 H. P.

I have found in my practice, extending over thirty years, that

all the theoretical and scientific refinements are useless in

determining the velocity of the draught and the power of chim-

neys. The circumstances and conditions are so complex and

uncertain in actual practice that no theoretical formula can be

expected to give results even approximately correct under all

circumstances and conditions when in actual use, which are con-

timially varying. To undertake and to determine the exact

pressure or densities at the top and bottom of the chimney in

order to arrive at the average pressure and density at a given

barometrical pressure, especially when this pressure varies from

day to day, is a useless waste of time.

The direction of the wind has a very decided effect upon the

draught : when it blows strongly into the ash-pit of the furnace

it may greatly increase the draught, and when it blows from

the ash-pit it may lessen the draught, or the motive force of the

preponderating column of cold air ; also the condition of the

atmosphere loaded with moisture, as well as the angle of chim-

ney top, and many other uncertain circumstances. What we do
know is, that if we wish to double the force of the draught of a

given chimney, we must quadruple the height.

J//-. WilUara Kent.—Water-tube boilers generally have a larger

ratio of heating to grate surface than ordinary tubular boilers,

consequently a smaller grate surface for a given horse-f)ower,

and require to have the coal burned at a greater rate per square

foot of grate surface. This requires a greater force of draught,

which may be obtained by a taller chimney. A plain tubular

boiler with 4-inch tubes may give satisfactory results with a

chimney 40 feet high, or even less, but a water-tube boiler of the

39
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type in which the gases cross the tubes at right angles and are

reversed in direction two or three times shoukl have a chimney

not less than 80 feet high. Of course for a given horse-power

the taller chimney will require the less sectional area, the area

approximately varying inversely as the square root of the height.

]\[r. Eckley B. Core.— I want to say one word upon this subject.

In fixing the size of the flue, what we should have in mind is to

allow sufficient air to pass through the furnace to burn the coal.

That is what is to be done. You should know the pressure

under the grate and at the exit ; in some of our boilers we have

got to choke the draught, while in all of our old-fashioned cylinder

boilers, which are not of the best style (^we have put mud drums

under them, and a water-tube boiler behind), we sometimes put

a blower in the stack, which accomplishes what one of our

members has done by using a suction fan and drawing air into

the stack.

You want to get the velocity that will take all the products of

combustion away and just enough to allow the boilers to absorb

the heat that you develop in your furnace. It is also an important

point for you not to have your draught so strong that you draw

your carbonic oxide out before it has time to combine with the

free oxygen mixed with the products of combustion. It seems

to me there is no formulse that will tell you how high your stack

ought to be until you know how much power it takes to get the

air from the furnace grate to the stack, and that varies with the

construction and setting of the boiler. This is the reason I

think all these calculations are not reliable.

Mr. W. B. Levan.—We have had this experience in Philadel-

phia where there were connected three 100 H. P. boilers to

a stack 72 inches in diameter and 125 feet high. They could

only get 200^ temperature. It was re-lined, reducing the diam-

eter to 42 inches, and they are now getting 420\ So this shows

you can make a chimney too big as well as too smalL These

are facts, and they are stubborn arguments.

No. 579-104.

What iH tlie best form of cylinder lubricator for engines carrying 140 pounds of

steam pressure, orov(!rV

Mr. W. F. Mdllrs.—It may be interesting to the members to

have their attention called to some experiments made in this
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matter of lubricating at liigli pressure. I refer to tlie importance

of delivering cylinder oil into the steam pipe or steam chest in

the form of a finely divided spray, instead of large drops or a

small continuous stream, which has been repeatedly noticed by
experimenters and has been commented upon in engineering

publications and discussions. But for various reasons it has re-

ceived very little attention in the way of practical application

from either the makers or users of lubricating devices. One
chief reason for this neglect has undoubtedly been the absence

fi'om the market of any satisfactory device for accomplishing a

proper preparation of the oil, and another has been the general

lack of definite information on the subject among engineers. In

some preliminary experiments made several years ago, illustrated

in the folloM-iug figure, there is shown a steam pipe 7 inches in

Fig. 187.

diameter leading from the boilers to a large compound pumping
engine. On the vertical portion of the pipe, at positions shown
approximately by ^-1 and B, were attached two lubricators, one of

them being of a well-known type, in which the oil passes upward
in large drops through water, and is then floated over through

the connection to the main steam pipe. The other lubricator was
an experimental design, arranged to spray the oil in steam before

feeding into the pipe. On the under side of the horizontal por-

tion of the pipe at C was tapped a small tube, running the upper
end of the tube to within two inches of the top of the bore of

the steam pipe, and connecting the lower end with a pet cock.

Under the pet cock was placed a small piece of wrought iron,

having the upper surface brought to an ordinary bright finish,

with all greasiness carefully removed. Next, with the engine at
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work and the cold-drop lubricator at A feeding in the ordinary

course of business, the pet cock at C was opened for several

minutes and a jet of steam allowed to impinge upon the bright

surface of the wrought iron, after which the latter was examined

in vain for any evidence of lubrication. On the contrary, the

bright surface invariably rusted as soon as it dried. In sharp

contrast with this result, whenever the experiment was tried by
shutting off the cold-drop lubricator at A and starting the hot-

spray lubricator at B, tlie iron surface would promptly gather

grease and refuse to rust. The evidence was unmistakable that

in the first instance the oil travelled sluggishly along the bottom

of the pipe, oozing from every joint, while in the second it com-

mingled promptly and thoroughly with the steam, and so neces-

sarily reached every part of the engine touched by the steam.

3lr. Wm. 0. Webber.—The best cylinder lubricator for engines

carrying 140 lbs. of steam is the style of sight feed lubrica-

tor which is piped to side of the steam pipe above the throttle,

and directly operated by the condensing and siphoning action

of the steam, and preferably those where the drop of oil lifts

through a glass tube similar to a water gauge.

No. 579—105.

What are the maximum safe speeds for hoisting and traversing in an overhead

travelling-ciane in a machine sliop ?

3f/: W//). (). Webbe/:—We believe those in use by the Pond
Machine Tool Co., on the Shaw electric crane in Plainfield, N. J.,

are probably the maximum safe speeds for hoisting and carry-

ing, for overhead cranes. These we understand to be :

Longitudinal traverse 400 feet.

Greatest trolley traverse 200 feet.

Hoisting speed 50 feet per minute.

No. 579-106.

Is there any advantage in using a cirouhiting device for the water inside a

boiler, particularly of tlu; three-furnace Scotcli form ?

il/r. JoJm IT. Cooper.—There is great advantage, because the

boiling of water that lies below fire is a very slow process.

The boiler plates are liable to be very unequally heated and

expanded to do this, and are for this reason strained toward

rupture, and made to leak often very badly at the joints.
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Experience with this type of boiler has shown that the water

lies cold autl still beneath the furnaces, and serious leaks have

occurred at the joints in this region.

To lire up one of these boilers from cold water to high press-

ure steam, without overstraining of the parts that lie in the vicin-

ity of extreme changes of temperature, requires careful manage-

ment and plenty of time.

It is just here tliat forced circulation of the water helps to

promote and maintain the necessary equalization of tempera-

ture, by which strains are avoided.

An auxiliary boiler is sometimes used for heating the water

in boilers of the type referred to, by transferring the heat of

its steam to the water in its lowest part by means of an injector

to which the name of Hydrokineter has been given.

This instrument is located, in a convenient water space, below

the furnace tubes, and is also connected with the steam space

of its own boiler, so that at all times the cooler waters in its

lowest part may receive heat and motion from the steam above

the water line, and thus maintain as near a uniform temperature

as possible under the unnatural conditions of fire and water

which exist in this type of steam generator.

The ordinary form of feed-pump may be used for the purpose

of aiding circulation, by connecting its suction pipe to the

shell of the boiler, a short distance below the lowest water line,

and its discharge pipe to the shell, on a level with the bottom

of the boiler at its coolest place.

Jlr. A. H. liaijnal.—I have tried the circulating apparatus of

Mr. Wm. Craig, of this city, and found it very efficient. It con-

sists of an injector nozzle placed in the feed-pipe between the

feed-pump and the boilers, which picks up an induced current

of water from the bottom of the boiler, discharging it with the

feed-water in the upper part, thus creating a circulation, con-

tinuous while the boiler is being fed. This system is extensively

used in New York harbor. The Pennsylvania Railroad Co.

has it attached to the boilers of every tug and ferry-boat of their

service.

I used it recently on the boilers of the U. S. cruiser Bancroft,

and am convinced that the good circulation of the water in these

boilers during the trials was an important factor in the excellent

results produced.

Engineers in need of such devices will do well to investigate
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this apparatus, and will, I am sure, obtain good results from its

use.

No. 579—107.

Is there any best way to group the tubes over the cylindrical furnace of a

Scotch boiler ?

Mr. Jolin H. Cooper.—The arrangement of tubes should be in

vertical rows, with ample circulation sj^ace for water and nascent

steam between them. Their attachments to the boiler head and

"back connection," to which also the furnace tubes are secured,

should be such as to give ample elasticity to accommodate the

differing expansions, as it is well known, the upper part of the

furnace, when the boiler is steaming, is longer than the lower

part of the same, and the upper tubes of each group expand

more than the lower ones ; for whatever be the differences of

length of these parts, due to difference of temperature, the

plates to which they are fastened must suffer distortion, cause

leaks at their joints, and become crystallized where molecular

disturbance occurs from bending.

No. 579—108.

Will a forced circulation of air under a floor near the ground prevent decay of

the wood-work and lioor timbers ?

Mr. W. ^Y. Dlngee.—I can report two cases showing that

floors near the ground decay from lack of ventilation, and if the

usual air-holes are insufficient for this purpose a proper supply

of air must be furnished artificially, or the timbers will mould

and rot. Some years since, in trying to season lumber in a tight

brick kiln with ventilation at the top and steam pipes below,

we found that the lumber would mould and the walls be stream-

ing with moisture ; but a current of air from a fan taking its

supply from over the boilers prevented this and kept the atmos-

phere of the kiln dry. This experience leads the writer to place

confidence in an artificial current for the purpose above men-

tioned.

The second example is in this city, where the lower floor of a

brick building, 50 feet by 200 feet, erected two years ago, has

rotted out. This floor was 3 feet above the original ground level,

the foundation walls had the usual air openings, and after the

building was erected these were protected, and the outside
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grade raised to correspond with the floor. The joists were 3

inch by 12 inch Southern pine, and the floor a double one of

2-inch flooring, the upper being oak. There was a slight escape

of steam from a pipe located below the floor, that kept the wood-

work damp. New joists and the lower floor have been put in,

and a current of air from a small fan discharged at different

points under it, with the hope that this precaution will prevent

a recurrence of this costly experience.

J//'. C. J. //. Woodbury.—The fungus growth known as dry-rot

seems to be cultivated rather by the dampness than by the

actual contact of water. I have seen timber used for bracing

purposes against a ledge in the wheel-pit of a mill, where there

were fissures through which flowed small streams of water.

While the wet end of the timber remained sound, the portion of

the timber back from the end rotted very freely. I have seen

the under portion of the floor of a mill which was about two to

three feet above the earth and where holes were left in the stone-

work of the underpinning. In those holes were laid 6-inch

drain pipe as a finish, and there was a general ventilation ob-

tained by the outside air passing through them into this low

space under the floor, from which the air was exhausted by con-

necting the space with a picker room, where the blowers in the

pickers forced air from the picker room to the diist flue, and

this circulation of air at once stopped the sweating on the

under side of the floors. When cold weather came on it was
supposed that it would be very desirable to prevent the circula-

tion of the outside air under the first floor, and the holes were

closed with plugs. It Avas found in a very short time that the

timber underneath was sweating again, and the circulation of

air was resumed again and has been kept up to this day without

any decay.

Another form of this question was, I believe, made a subject

of a topical discussion at an early meeting of this Society. The
question was whether a proper circulation of air would stop dry-

rot. It appears to have been stated that if the generation of

the germs producing dry-rot is once started, it is a very

difficult thing to stop it. It does not appear to me that the

mere change oi condition possiVjle to be applied to a building,

such as the circulation of air, would stop it after that growth
was once begun, although it might retard it. There is a method
of treating wood, Vjy one of the well-known preserving processes,
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which consists iu heating the wood to a temj^erature of about

350° by heated air under pressure in a closed drum, or chamber,

and in that way driving out a slight part of the moisture ; but it

cannot all be removed from the wood, and, as there is no circula-

tion of air through the drum, it merely throws the moisture and

the gums from the inside to the outside of the cellulose cells

forming the wood, and by that process it is stated that the wood
is sterilized and is no longer a proper generating place for the

growth of various kinds of mould and decay, and, in fact, each

fibre of the wood is mummified. Whether this hypothesis is

accepted or not as the correct one, it is well known that vulcan-

ized wood will resist decay to an extraordinary extent. Even

such woods as spruce, which is very susceptible to dry-rot

under exposure to dampness, will last for a great many years,

even in damp and swampy places The objections to most of

the wood-preserving processes are that they consist of a solu-

tion which is ajDplied to or forced into the timber, something

which will only result in giving antiseptic properties until it is

removed either by moisture or by exposure to the water, when
the wood will rot quite as readily as previous to treatment.

Mr. W. F. Durfee.—It is within my knowledge that iu a build-

ing erected in a Western city some few years ago, the roof tim-

bers were left rough, and were cased up with pine boards

painted to imitate oak, and the final result in an artistic point

of view was very satisfactory ; but after two or three years it

was accidentally discovered that the whole of the timber work of

this roof was so rotten as to be unsafe, occasioned simply because

no proper allowance had been made for ventilation. It has

always been my practice to leave an inch of space on either side

of floor timbers where they enter walls, for ventilation. I have

known instances where the timbers had become rotten and the

whole of the floors had to be re-laid simply from neglecting to

ventilate the ends of the timbers and thus keep them from

sweating or fermenting.

No. 579—109.

Have you any facts to show tliat there is u molecular change in metals when

their temperature is raised or lowered V

Mr. W. L. Cheney.—It has become the practice of at least one

manufacturer of straight-edges, to draw them to a straw color
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after Lardening, iustead of laying them away to season before

tiuisbing ; this manut'actiirer claims that lie thus accomplishes

in a few minutes all that was formerly accomplished by months
of seasoning, and that no further practical change takes place.

I have noticed in my own work that fine steel cutting tools,

when being brought to a finish by filing, do not resist the action

of the file nearly as much if they are heated to as high a point

as will allow them to be handled.

J//-, ir. B. Levan.—I think if you refer to the minutes of our

Cleveland meeting you will find this subject was very tlior-

oughly discussed in regard to springs there.

No. 579—110.

Have you any data as to earth-work dams which would suggest the factor of

safety with whicli tliey have been built ?

J//'. John J/. (ioodeH.—George Stephenson is said to have re-

marked that in engineering more is to be learned from failures

than successes, and in hydraulic engineering this is apparently

too true. An examination of earthen reservoir and canal walls

which have failed more or less completely shows that in most

if not all cases the accidents were not due to errors in the stati-

cal design, V)ut to faulty details. The physical proj)erties of

earth compel the adoption of cross-sections which are ample to

resist any hydrostatic pressures that may be exerted, so the

true factor of safety of an earth dam is hardly a measurable

quantity. A consideration of a few failures will show this.

The disastrous failure of the South Fork dam above Johns-

town. Penn , is an instance of a structure having a great factor of

safety statically, which, however, twice gave way. It was com-
pleted early in 1853, and comjorised what would now be called a

rockfill section, 72 feet high, and 100 feet on its base, apjiroxi-

mately, forming the down-stream portion, with the cross-section

of a right-angled triangle. Against this was a core wall of slate

rock 3 feet thick on top and 30 feet, more or less, on the bottom,

while above this, and forming the up-stream portion, was an

impervious section of good earth and puddle having a well-

paved slope of two to one. This dam was examined after the

last failure by James B. Francis, W. E. Worthen, M. J. Becker,

and A. Fteley, as a committee of the American Society of Civil

Engineers, and pronounced by them to be thoroughly built and
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capable of resisting successfully the pressure of the water in the

reservoir. Its factor of safety was very large, yet it failed twice

at least—once on account of a defect in the foundation of the

culvert, and the last time on account of an insufficient spillway.

An insufficient spillway is also said to have been the cause of the

recent failure of the Pecos River dam a few miles above Eddy,

N. M., although I am informed that in this case there was ample

way for any ordinary run-off, and that the wash-out was due to

an exceptional rainfall or cloud-burst.

Another recent failure of an earth dam of more than ample

statical security occurred a few months ago at Portland, Me.

Here the dam or reservoir wall was constructed of good material

well consolidated. An overflow pipe ran down through this

embankment from the high water level on the inside to near the

outer toe, where it was connected with a drain to a sewer. Frost

probably loosened the concrete facing at the mouth of this pipe,

so that water could flow down the exterior and thus soften and

eat away the earth. The overflow pipe was not provided with

cut-off walls, nor was there a core wall in the dam, consequently

there was nothing to hinder the washout after the first leak

began.

Although a few engineers are opposed to core walls, an occur-

rence at a little reservoir dam in Central Massachusetts con-

vinced the writer of their utility. Early one spring this dam
was discovered to be leaking badly just below the top. After

the water had been drawn down it was found that the solid

" frost-bitten " top had apparently been loosened by the ice, or

from some other cause, so as to allow a thin film of water to

pass between it and the top of the core wall, which prevented

the percolation from extending to any serious depth. It did

not take the engineer in charge very long to build that core wall

up to within a foot of the top of the dam, as he is pretty certain

that bat for its presence the dam would have been washed out

before the leak was discovered.

It would not be difficult to cite more instances where earth

dams having a large statical factor of safety were imperilled by

faulty details ; this, however, is hardly in place in a brief dis-

cussion. In conclusion, I desire to call the attention of the

Society to dam No. 5 of the Boston water-works, designed by

Desmond FitzGerald, under the direction of City Engineer

William Jackson. In this dam, which was fuUv illustrated in
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the E)u/hne/'Ui(/ J^i\'ord of November 4, 1893, is embodied the

wealth of experience aud knowledge acquired in the construction

of a number of similar dams for the Boston Water Board, and

the structure is therefore of much interest to hydraulic en-

gineers.

No. 579—111.

Has any one tried sand-blasting as a method to produce a surface on cast-iron

before nickel-plating ?

Jfr. II'. L. Cheneij.—This method has been tried by a concern

in Meriden, Conn., and abandoned.

It is only fair to say that there were two factions in the fac-

tory where this was tried, one of which, it is reported, desired

that the method should succeed, and vice versa.

No. 579—112.

Is there any better method than japanning to protect steel from corroding?

Mr. John T. Haiol'viis.—The little experimental experience in

this matter which I have to offer tends to substantiate what the

question somewhat supposes, rather than to point out anything

better than japanning for the purpose named.

There are so many different conditions under which steel and

iron are exposed to corrosive agencies, that, possibly, some
others than those mentioned might exhibit japanning as less

effective than it seems to have been under the conditions

named ; which, however, would seem to provide as great a

facility for, or tendency to, corrosion as any that may be named
in every day practical operations.

In lithographic printing machines there is used a set of

rollers for depositing a film of moisture upon the stone or plate.

These rollers are made with a heavy metallic core, covered first

with a comparatively thick, soft, felt-like fabric, and over this a

more dense and thinner covering of similar material ; their

function being to absorb and hold considerable water, which of

cour.se would thus always come in contact with the metallic

core.

Previous to my experiments, so far as I know, the cores of

these rollers were made of iron or soft steel, and covered with a
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slieatliiiig of brass tubing ; the ends being fitted witli caps,

tightly fitted also to the smaller diameters of the rollers adjoin-

ing the journals, and brazed or soldered to the tubing, so as to

prevent access of the water to any part of the iron or steel ; iron

rust being detrimental to the lithograj^hic process if it appeared

upon the surface of the rollers. This was so expensive a

method of constructing these rollers, that in order to cheapen

them I determined to try electro-deposition of copper upon
them to replace the brass sheathing, but found that unless

deposited to so great a thickness as to make them more expen-

sive, that when sheathed with tubing, the cores would rust

beneath the copper, and in many spots and places pass through

and apj)ear upon the surface. I tried nickel-plating with still

more indifferent results. I finally tried japanning them.

The japanned rollers have been in constant use about two and

a half years without any signs of deterioration or cracking off

of the japan—which two latter results I feared after long use

—

while not the least sign of rust has appeared, so far as I know.

In testing the specimens under the three plans named, they

were laid in water and allowed to lie thus for various periods.

"With nickel deposited about jiy inch thick, rust spots would

appear within twenty-four hours, and with copper of about the

same thickness within a week ; but with the japanned surfaces a

submersion of several months failed to show the slightest indica-

tion of corrosion or change of any kind.

It was my intention, in case japanning did not prove satisfac-

tory, to try the several processes lately promulgated which are

intended to protect iron or steel surfaces from corrosion by pro-

ducing upon them a coating of some oxide of iron ; but the

japanning proved so entirely effective, and as it did not seem

possible to replace it by any cheaper j^rocess, I conchided to

let well enough alone, and can therefore say nothing as to those

oxidizing processes.

No. 519—113.

Which is the beat process to repair old files—sand-blasting, etching, or re-cut-

ting ? Do any of tliein roally pay ?

Mr. W. B. LeVdu.—The best plan is to throw them away and buy

new ones. I have had an experience of twenty years in buying
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files, aucl liave paid out a great deal of money iu getting them

cut, and I can say that it does not pay.

Mr. J. F. IloUoicay.—My experience is that the very best way
to repair an old file is to sell it for a quarter of a cent a pound

and buy a new one, the best you can get.

Ml'. TV. E. Crane.—Sand-blasting files is of no use, as it makes

the tooth shorter, and simply raises an edge which has no dura-

bility. In re-cutting, the temper must be drawn, and the qual-

ity of steel used for files is such that it deteriorates rapidly

when re-hardened.

Mr. Henry Bins-^e.—I have given attention to this question

for a few years past ; and I am convinced by my experience

that it pays well to have files re-cut, provided that an economi-

cal grade of file be bought in the beginning. Economy, to be

consistent, must commence by purchasing that file which yields

the largest return for the outlay, and it does pay to re-cut this

grade of file ; but it is a waste of money, in my experience, to

buy cheap, common files, and this is the grade which does not

stand re-cutting.

I can make my meaning clearer by relating the practical illus-

tration which opened my eyes to the difference in the efficiency

of files. A little flat block of tempered steel had been worn
slightly concave, and was sent to me to be filed flat. We had
promised to finish it by the following evening.

The work was begun at seven in the morning, and, when I

came to my office, my foreman reported that the first file, a new
one, had given out. A second file followed; and, before noon,

my foreman again reported that no progress had been made,

and that the third file was dull. All three files were of the

same size and cut, but of different, well-known makes.

At noon time, a high-priced file of a celebrated make was
procured, and the workman began to use it at one o'clock. The
job was finished before six ; and this file was in first-rate con-

dition, and was used for long afterward.

This experience led me to buy a few files, paying for them
about double the price I had been used to, and I found that,

besides performing from 20^ to 30^ more work in a time unit,

they outlasted from two to three cheap files. It appeared clear

to me that this increased efficiency of the man's labor would
warrant the use of the dearer file, leaving the longer life as

clear profit.
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A good file must be made of good steel ; it must be cut care-

fully Avitli a sharp chisel ; aud it must be carefully hardened,

and tempered. Cheap files are made, necessarily, of cheap,

common steel. A blunt chisel will cut more files than a cor-

rectly whetted, sharp chisel, for the sharp chisel giyes out

sooner ; but the blunt chisel forces up the metal, injuring the

steel and making a short, stubby tooth, with incorrect clearance

angles. The steel has been weakened by the hammer-like blow,

and is in no condition for service. In addition, cheap files are

made by unskilled, cheap labor, which does not know whether

it is making good files or bad ones.

Finally, cheap files are tempered by methods which give a

large product at the cost of quality : frequently the files are too

soft, frequently the teeth are burnt, and often the surface is

warped, so that it bears in spots only, and not over the whole

surface.

The chief argument advanced against re-cutting is that the

low price of new files does not warrant it. It is my belief that

this grade of file is the dearest kind which you can buy. Of

course, this cheap file will not stand re-cutting. I have brought

here two files which cracked in hardening. You will notice

that the teeth are still soft, although the steel was heated high

enough to crack it.

Files made of good material may be re-cut twice, sometimes

oftener ; and they are more adapted for this, as I found that the

high-priced files are from 12;o to 20';c heavier than the others.

Files of excellent quality can be had at about 50f^ off the Amer-

ican list ; and they cost about 35fo off the re-cutting list for re-

cutting. I can find no important difference between the new

and the re-cut file, and at these prices there is a saving of about

dOfo in favor of re-cutting.

No. 579—114.

What experience have you had witli iron cores or chills for straight holes of

three-quarters inch diameter to three inch diameter through one and one-half

inch thick upwards?

3fr. F. H. Richards.—The question calls for a statement of

experience with the use of " iron " cores, or chills, for straight

holes. But since there appears to be a better thing for the

purpose proposed, it may be in order to refer, under this head.
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to the use of copper chills as a substitute for those of iron or

st<?el. So fur as the writer is aware, the use of copper for this

purpose was first adopted several j-ears ago by Mr. Henry
Eichards, a leading mechanic and inventor of New Britain,

Conn., for nearly thirty years intimately connected with the

development of one of the leading manufacturing establishments

of that place.

Largo numbers of copper chills, of various cross-sectional

forms and of various sizes, have been used with extremely good

results. The copper, being a good conductor of heat, not only

quickly abstracts the heat from the metal in contact with the

chill, but is itself rapidly expanded, so that on the cooling of

the casting the copper shrinks more rapidly than the iron, and

becomes entirely loose in the core when the casting gets cold.

By reason of this peculiar action, the chills do not have to be

driven out of the casting, but drop out freely.

There is, however, a limit to the use of copper chills, which

limit as yet seems to be undetermined. Owing to its lower

melting point, the chill is not well adapted for use in very heavy

castings ; also, the softness of the metal in some cases puts a

limit to the adoption. There is, however, a wide range of work

—especially when the castings are not too thick—in which the

copper chills will be found a valuable improvement upon any

other kind of cores. In the branches of work coming under my
observation, the durability of copper chills has been at least

four or five times as great as that of iron or steel chills of the

same size and shape.

No. 579—115.

What metliods do you use to determine the cost of manufacture of your

products ?

Mr. Louis S. Wright.—I would like to speak about some meth-

ods for determining the cost of manufacturing, which are used

in a works where the products are iron pipe, miscellaneous

foundr}' work— /. c., castings weighing from 15 or 20 tons down
—with the work of machine shop, wrought-iron tank shop,

blacksmitli shop, pattern shop, carpenter shop, stable, yard, etc.

The plant mentioned employs in the neighborhood of a

thousand men. The methods used are such as entail careful

records being kept in detail in each department of all work
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done daily ; tliese records being turned in eacli day to one

department, where the cost in labor and material is figured up
for each particular piece of work, to which are added certain

percentages for general expenses.

The methods can probably best be described, as follows

:

Considering material first : all material ordered, of no matter

what nature it may be, is ordered on j^rinted forms, which pass

through the hands of one person in authority, who sanctions the

ordering of the material. Each order has designated upon it

the department where it is to be delivered on its arrival in the

works. These orders are written by a manifolding process, so

that a copy is kept by the party ordering the material. After

the sanction of the order, it is handed to the Purchasing Depart-

ment, who rewrite it on proper blank forms, which are sent to

outside parties who are to furnish the material. The original

order is sent to the receiving clerk, through whose hands all

material passes as it comes into the works.

The duty of the receiving clerk is to check over and deliver

to the proper department all material as it comes into the

works, receiving from the department when delivered a written

statement that the material is as they specified in their order.

All bills for material pass through his hands and are checked

for quantities and disposition; i. e., the work to which it is

charged.

In many instances material coming in goes to the storehouse ;

the books of which are credited with the material as it comes in,

and debited as it is given out.

The duties of the store-keeper are to keep records of all ma-

terial as it comes into the storehouse, and charge off from his

accounts all material as it goes out, charging it to the proper

department or work for which it may be used ; the account of

material on hand being kept on cards indexed after the fashion

of a card catalogue, one card being used for each article. On
these cards are entered the material as it comes in, the date

of its arrival, the quantities, the amounts delivered from the

storehouse, and the date of these deliveries. At stated times a

balance is struck, and the amount of any supply on hand of a

given kind is determined. The store-keeper, having received

previous instructions of the amount to keep on hand, issues

orders to replenish supplies in accordance with these instruc-

tions, as the supplies are drawn from the storehouse. The
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store-keeper makes returns at certain regular intervals to the

cost department—hereafter to be spoken of—of all material de-

livered, designating the account to which it should be charged.

Each department in the works makes daily returns to the cost

department of the time spent by the men in their work and of

the material r.sed by them. The method of doing this is in a

general way, as follows : Each workman receives a written order

from the clerk of the department for the piece or job of work

which he is to do. That order contains all the information which

is necessary for him to find the pieces of material on which be

is to work, and the drawing which applies to it, etc. The time

of day that this order is taken out by him is noted on the order.

When the work is done the slip is returned to the clerk who
issued it, and the time of finishing is noted thereon. In this

way each separate item of work is accounted for and daily re-

turned to the cost department.

The above arrangement applies especially to the departments

where the workmen work at tools or at benches, which would

apply to the machine shop, wrought-iron tank shop, blacksmith

shop, carpenter shop, pattern shop and foundry.

riethods of a somewhat similar character are used throughout

the yard and stable.

In the pipe foundries each workman has his task for the day,

and no such system is necessary ; the same task being done
over and over again daily.

All of these daily returns are sent from each department to

the cost department. Before sending, they are certified to by
the foreman of the department ; then pass through the hands
of the time-keeper, who checks the time given thereon of each

workman for his work, against the time which is indicated at

the time office as time which the workman has been in the

works.

These returns then pass from the time-keeper to the cost de-

partment, who sort them over, charging time and material to each

job of work.

To give some idea of the cost of keeping records in this way,

it may be said that for two foundries, one employing about
eighty and the other a hundred men, one clerk is necessary.

For a machine shop employing about a hundred and twenty-five

men, two clerks, with an additional clerk when the shop runs at

night. For a blacksmith shop employing about fifty men, one
40
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clerk. For a wrought-iron tank shop with a hundred and

twenty-five men, one clerk. For a pattern shop employing about

twenty men, the foreman of the shop attends to the clerical

work. For a yard force of seventy-five men, one clerk. For a

stable with sixteen horses, a stable boss attends to clerical Avork.

Pipe foundries require no clerks and have no returns of this

kind made.

These clerks earn from seven to nine dollars per week. The
cost department requires four clerks.

J/r. E. P. Bates.—The gentleman has given us two important

factors of cost : they are material directly chargeable, and the

labor. It seems to me there is another item that is quite as

important, which is the capital invested in the business. I

would like to ask him whether he treats that as entering into

the cost of the products, or how he treats it. I have known of

some old-time machine shops that never took the cost of the

plant into consideration. They may have had $50,000 invested

in real estate and machinery, and it would cost $500 to $1,000

to make yearly repairs. The proprietor may have had outside

investments which brought him a revenue sufficient to maintain

his plant. Under these conditions, if a casting was made which

cost two and three-quarter cents per pound, and was sold for

three cents, it was estimated there was a neat profit of a quarter

of a cent per pound, whereas they were doing business at a loss.

I would like to know how he accounts for the interest on his

capital invested, and how much of a figure it plays in that class

of work, assuming that the manufacturers occupied their own
buildings and did not pay rent.

Mr. Wright.—In answer to the question, I may say that in look-

ing at the running of your plant you have the land, the buildings,

the tools, the furniture and fixtures, the labor, and the material.

If the plant is a new one, it is probable that a part of the land

bought maybe considered as an investment. It is therefore set

aside as such. The balance, together with its improvements and

repairs to improvements, is devoted to manufacturing. On this

land are buildings. Each building on this land is looked upon

as having to earn for itself its proportion of the land cost ; i. e.,

it rents its proportion of the land, and therefore it is necessary

to figure in the cost of operating expenses the cost of its pro-

portionate value of the land, and in tlie same way each tool rents

its proportionate part of the building on which it is located. In
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this way is figured a percentage to add to each tool for operat-

ing expenses.

In looking further, the buildings will be found to be divided

into productive and non-productive parts. The value of the

non-productive parts is distributed as a percentage, and loaded

on the cost for operating each productive portion. We now
have our tools represented by certain figures in dollars and

cents as rates per hour for their use ; to these figures are added

the rate of the employees operating the tool. These form the

cost per hour for operating said tool or department. These fig-

ures, with percentages, are taken by the cost department, with

the value of the material, and form the cost for manufacturing

the product.

J//-. F. A. Halsvy.—The various items that go to make the

final cost of production may be classified, as follows

:

Productive labor.

Non-productive labor.

Material.

Salaries.

Freight and cartage.

Fuel and light.

Supplies.

Insurance.

Rent I or interest and taxes).

Depreciation of tools and plant.

Repairs and miscellaneous expenses.

The cost of productive labor and material for any given prod-

uct is easily determined and forms the basis of cost. The
problem of finding true cost consists in determining the per-

centage to be added in order to cover the other items of cost

named.

The total of each of these subsidiary items for any given period
covered by a balance sheet can be accurately determined from
the ledger in connection with the inventory, excepting only the

non-productive labor, and the problem of finding true cost finally

whittles down to the separation of the productive from the non-
productive labor and determining the total of each.

My own method of doing this is to have every man whose
name appears upon the pay-roll make out a daily time ticket

covering his work for the day. These tickets are assorted day by
-day into the productive and non-productive classes, and the total
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wages of each class for the day is determined. These totals are

entered upon a page of the cost book kept for that purpose, and

when a balance sheet is struck these items are totalled for the

period covered by the balance sheet. Having these items deter-

mined, the others are taken from the ledger and the following

items are added together

:

Non-productive labor.

Salaries.

Freight and cartage.

Fuel and light.

Supplies.

Insurance.

Rent.

Depreciation.

Repairs and miscellaneous expenses.

The sum of these items gives the total loading for the period

covered. The total loading divided by the total productive labor

gives the percentage which the total loading bears to the total

productive labor. The useful labor spent in producing any

product, multiplied by this percentage, gives the loading which

that product should carry ; and the sum of useful labor, loading,

and material gives the true cost. If desired, the loading can be

figured and placed upon the sum of the productive labor and

material, although I consider the method given to be the cor-

rect one.

If office expenses are considered as part of the cost of pro-

duction, they may be included in the calculation ; or, if the

sales account is considered separate from the manufacturing

account, these expenses may be omitted, in which latter ease

the result will be to give the cost of goods at the shop door.

No. 579—116.

Do you know anything about jilustor of Paris and sawdust as a non-conduct-

ing covering V

Mr. C. J. 11. Woodbury.—I think that the first mention of this

combination of sawdust, flour, ])hister of Paris, and coal ashes,

as used in various combinations, including some or all of those

four articles, first appeared in the correspondence in " Engineer-

ing," of London, a number of years ago, and was extensively

copied into the technical papers in this country, and has been
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used quite extensively. That mixture was tried in what were

kuowu as Ordwav's experiments upon non-conductors of heat,

which were submitted to this Society several years ago,* and

which show that it was a very fair non-conducting material, and

compared favorably with those that had a good standing on the

market. It contains this difficulty, which is also true of all

the materials which are put on in a plastic condition, and that is

the injury in case of repairs, or of any accident by which

the material is removed from the pipes. It is not nearly so

durable as are other materials which are put on in shapes,

fastened, and secured around the pipes. There is one element

in the mixture requiring flour that deserves attention, and that

is that the flour should be sour flour, the acid of which, with

the alkali in the coal ashes, generates carbonic acid gas, which
makes small cells throughout the mass.

Mr. ir. E. Crane.—Sawdust and flour, equal parts, makes an

excellent non-conductor, adheres readily to hot surfaces, and is

easily applied. It is, however, combustible, and would take fire

under high temperatures. Plaster of Paris is not a good non-

conductor, but it is possible that, mixed with equal parts of the

other two, it would become non-combustible and be a fair non-

conductor.

Plaster of Paris mixed with sifted coal ashes loses its life and
becomes dust when used for covering steam surfaces, and I

should think the same objection would prove true with the

above mixture.

Mr. W. F. Mettles.—I made several trials of plaster and saw-

dust some years ago at the Lackawanna Steel Works, and I

reached the conclusion that it was a very fair non-conductor,

but excessively unhandy in application.

No. 579-117.

In ihe formula for calculating thickness of boiler plate, what values should be

assigned lo the coefficient of reduction of strength due to rivet holes in steel ?

What is the best factor of safety in the same formula ?

Mr. WilHara Kent.—The ordinary formulaB for the thickness of

shell, and for the allowable working pressure of a steam boiler,

* See experiments upon non-conducting coverings for steam-pipes, Transac-

tions American Society Mechanical Engineers, Vol. V. p. 73 (October, 1883),

Vol. V. p. 212 (May. 1884), Vol. VI. p. 108.
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are
t = fFJ)

1 T G
and P-

2# Tc
JD-'

in which t — thickness, D = diameter, T — tensile strength, c

the coefficient of reduction of strength due to the rivet holes,/

factor of safety. Assuming /, P, and U to be given, and T to be

50,000 lbs. for very soft steel, and 60,000 lbs. for stronger steel,

what values would you give to c and /, for ordinary tubular

boilers, horizontal slaws double riveted ? Would it answer to

specify 0.70 for c, and 5 for / with 50,000 lbs. steel, and 6 with

60,000 lb. steel ? making the formuhe

t = PI)
14000

and P — 14000^

D

I would like to draw particular attention to the last formula

and ask if there are any serious objections to it. The tendency

of steel makers now is to get the tensile strength down near

50,000 for the very best fire box steel. That formula makes a

very handy formula, no matter what the tensile strength of the

steel is. The factor of safety varies with the tensile strength,

as it should, the steel of higher tensile strength having the

greater danger of brittleness. It corresponds to a working

strain of 10,000 lbs. per square inch, whatever may be the ulti-

mate strain. I would like to ask if any one would suggest

another denominator than 14,000, and give his reason. It ought

to be discussed by engineers what is the proper factor of safety,

or the proper maximum strain to allow per square inch in

designing boilers, and especially whether any greater working

strain than 10,000 lbs. per square inch should be allowed.

Mr. (J. H. Benjamin.—Tlie results of a large number of experi-

ments made in this laboratory on the tensile strength of punched

steel plates give the following averages :

(Ij Material, Otis steel boiler plate | inch thick. Plates

punched with ordinary flat punches showed a tensile strength

7.5^ less, elastic limit 5;^ higher, and contraction 30< less, than

a drilled plate of the same material, showing that the effect of

the punching is to render the metal around the hole more
brittle and less ductile than before. Wlien a spiral punch was

used, the ultimate strength was only 8"r less than in the drilled

plate.
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(2) Material, a harder steel, | inch thick. Plates punched

with punches of various shapes and clearances showed a reduc-

tion of from ;^.5'r to 27'r in tensile strength, the average loss

being about 12.51^. In those tests, as in (1), the advantage of

spiral and whistle shaped punches was very apparent.

^[|•. ir. //. Le Van. -1 think it would be a good plan to go back

to the old engineer's factor of safety, 6. The trouble is seen

when elongation gets into the calculation. The factor of 6 might

cover that point to a great extent.

Mr. //. B. Boelker.—The rules of the United States super-

visors of steam boilers make the prescribed factor of safety for

boiler shells about 4:1, or a little less. This has proven to be

entirely satisfactory during twenty years' application, and I do

not see why it should be increased in the case of boiler shells.

The manufacturers of marine boilers would very generally pro-

test against an increase.

No. 579—118.

What have been the recent directions of progress in the aluminium and other

bronzes ?

Mr. Leonard Waldo.—There has been considerable discussion

and a growing interest for the past few years in the subject of

aluminium bronze as material for structural engineering. It is

not without a hope on my part, but it will have to be without a

promise at present, that the results of recent experimenting and
engineering in the casting and rolling and drawing of aluminium
bronze may be put in proper shape for publication, either before

this or some other scientific or technical society, so that en-

gineers, who for professional reasons regard this material with
favor, may have a statement in detail of the tensile strengths,

elastic limits, limits of compression strains, permanence under
varying temperatures, and the ductility and malleability of

aluminium bronze.

It is a growing opinion among those who have watched the ex-

perimental development of aluminium bronze, that it is the most
promising material since the time of the introduction of Bes-
semer steel, over which it has many advantages. It is unfor-

tunately true that a great deal of thinking, and nearly all of the
writing, on the subject of aluminium bronze has been based upon
limited knowledge. In fact, it is open to question whether Mr.
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Percy, in his first communication to the Royal Society on this

subject, should have called the mixture of aluminium and copper

aluminium bronze at all. He had produced a 5r^' alloy of alu-

minium and copper, which he at once recognized as a metal of

beauty, strength, and prospective value. The union of alumin-

ium with copper is attended with the evolution of great heat

and large shrinking and a complete absorption of the aluminium

by the copper. Thei'e is no subsequent liquation of either

metal, and no commercial method of effecting a separation of the

aluminium from the copper. I do not like to go so far as to say

that the aluminium and copper have entered into chemical com-

bination, but there are many reasons for thinking this has been

the case, and I have seen no scientific evidence produced against

it. It is certainly true that the most radical change has taken

place in the quality of the compound resulting from the union

of these two metals, as distinct from the qualities of either com-

ponent. Possibly an aluminide of copper is formed which is

soluble in molten copper, and if we accept this explanation we

have a working theory which explains most of the observed

phenomena in connection with the chemistry of aluminium

bronze. This combination may take place according to varying

atomicities of the aluminium.

It is a common remark among foundrymen that copper will

absorb about Sfc of aluminium. This is grown of their experience

with the large shrinkage of the higher percentages of aluminium

in copper. Such a low percentage of aluminium in copper results

in very great ductility, but has no special value for structural

work, except in the shape of forged or drawn metal. When you

increase the percentage of aluminium up to about 9.5^-^, you have

obtained a metal which still can be worked hot or cold with

practically the mechanical results of the higher grades of steel.

The tensile strength of such an alloy in castings of small size,

and casting in either sand or chill moulds, may be as high as

90,000 lbs. per square inch, with an elastic limit of perhaps one-

half this amount and resistance to compression sti'ain of 150,-

000 lbs. per square inch, and a practical permanence of these

qualities under temperatures up to twice the boiling point of

water. As a matter of practical construction it would be inter-

esting to you to know that we regularly fill specifications at our

works for drawn bolts of this metal which shall stand a strain

of 200,000 lbs. per bolt, of 1.75 inches sectional diameter, and
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that iu sand castings it is possible to guarantee the metal

against seepage under several thousand pounds per square inch

hydraulic pressure.

I ought perhaps to give a word of warning as to the difficulty

of making aluminium bronze castings. The metallurgy of the

metal has only begun to receive the attention it calls for to sur-

mount the difficulties of making sound work. The rules of

foundry practice in regard to copper alloy castings have very

little application to the casting of aluminium bronze, and it would

be a mistake, if you should fail to secure sound castings in your

own foundry, to assume, therefore, that the problem possessed

insurmountable difficulties, or that real progress had not been

made, and was available in the present state of the art. The
history of steel casting is familiar to most of you. I do not

know that aluminium bronze presents difficulties less in number,

though they are somewhat different in character, especially

those relating to the melting heats and the precautions to be

taken in pouring the bronze.

Had aluminium been discovered by the metal-worker, rather

than by the chemist, the purity of the aluminium used would

have been insisted upon from the start. In a large part of

the work which has heretofore been done with aluminium in

copper, enough impurity has been introduced by the use of

impure aluminium to vitiate the working qualities of the copper

itself ; and a large part of the work, until quite recentlyj in

aluminium bronze, therefore, has been unsatisfactory, because of

this want of knowledge. At present our electrolytic metallur-

gists have brought the purity of the aluminium product to that

state where 99>' of pure aluminium can be insisted upon in

buying for use ; and with this purity, and the purity of Calumet
and Hecla copper, bronzes of the utmost excellence can be made.
Now, if it is true, as one of the papers claimed in discussing the

price of copper, that it can be laid down in New York at a small

profit at 6] cents per pound, and if it is also true that the

modem cost of producing aluminium is approximately 28 cents

per pound, it will be seen that a 1(H aluminium bronze comes
within the range of possibilities for large work.

As a matter of interest to the members of this Society, I have
the pleasure of handing around little bars of aluminium bronze,

just as they were taken from the sand moulds, and with one end
put against the burnishing wheel, so that the color of aluminium
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bronze may be brought out. You notice the finish of the sur-

face bears the rough marks of the sand mould, and the metal is

left so intentionally, in order that you may see the metal as it

appears on leaving the sand. I call this, which contains about

lO^b aluminium and 91),"^ of copper, aluminium bronze. Now,
when this bronze, as you see it here, has an equal amount of

copper added to it, by weight, we call that " half aluminium

bronze ; " and when this half aluminium bronze has an equal

amount of copper added to it, we call that " one-quarter alu-

minium bronze ; " and there is also a grade called " three-quarter

aluminium bronze," which contains three-quarters as much
aluminium as the brand aluminium bronze. We have made this

classification of the bronzes to get rid of much of the existing

confusion. The metal known as aluminium bronze contains ap-

proximately 10^ of aluminium, and physical tests have shown
that this unites in itself the best average combination of strength,

ductility, and elastic limit. I should be glad if the use of this

terminology became general. This is the first public announce-

ment of it, and I think it is sufficiently clear, so that you will

instantly comprehend the meaning of the term one-quarter alu-

minium bronze in technical literature, if it should be generally

adopted. I venture also to hand to the members present some
spoons of one-half aluminium bronze. I want to explain, in reply

to possible questions, that they are not gold plated, and that

nothing has been done to the metal except the ordinary processes

in spoon-making, of stamping, swedging, and polishing. You will

notice that they are undistinguishable from gold in color, and

that they are stiff and strong. I am sorry that there do not

seem to be enough spoons to supply the demand, and if any of

the gentlemen present has sufficient interest in the matter, and

will send me his address, I shall be glad to see that a specimen

is sent to him. I have to thank you for the attention you have

accorded me, especially as I have not yet the honor of being a

member of your distinguished Society.

Mr. floUoivdy.—I move that the thanks of the Society be pre-

sented to Mr. Waldo for the very interesting remarks that he

has given us upon the subject of aluminium bronze, and espe-

cially for the spoons.

This motion, being duly seconded and put to a vote, was

announced carried by the chairman.

'The tiecreiary.—I understand that it is designed that all these
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samples of bronze should be retained by the fortunate men who
get them. They are not to be returned.

No. 579-119.

AN IMPROVEMENT IN THE PLANIMETER.

There was exhibited by its designer an improvement in pla-

nimeters, in which the tracing point was replaced by a circular

glass piece having two intersecting lines on the under side, and

in explaining its use and advantages, Professor Jacobus said

:

" The instrument is shown in Fig. 188. The glass piece is at Ay

Fig. 188.

and the position of the cross lines, the intersection of which

takes the place of the ordinary tracing point, may be plainly

seen. These lines may be made short, so as to form a small

cross, if desired, or other designs may be adopted to indicate

the position of the tracing point.

" In measuring the area the intersection of the lines is moved
over the diagram. The ordinary planimeter point has a ten-

dency to trace a groove, and in going over the diagram a sec-

ond time there is a tendency to follow this groove. Also on

repeatedly going over an indicator card there is a tendency to

obliterate the pencil line. Both of these disadvantages are

done away with by the use of the glass disk. Another advan-

tage of the glass disk is that it can be used in the evenings,

whereas an ordinary pointer cannot with accuracy, on account of

the shadow which it casts."
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DLXXX.

GEORGE H. BABCOCK.

IN MEMORIAM.

For the first time iu its liistoiy, the American Society of

Mechanical Engineers is called upon to mourn and record the

invasion of death into the ranks of those who have held the

presidential office.

Mr. George H. Babcock, of the Babcock & Wilcox Company,

who had served the Society as president during the term begin-

ning December 2, 1886, to December 1, 1887, passed away

December 16, 1893, at his home at Plainfield, N. J. It is a

singular coincidence that his valued partner and life-long friend,

Mr. Stephen Wilcox, also a member of the Society, should have

been removed by death on November 27 of the same year.

Mr. Babcock was born at Otsego, N. Y., June IT, 1832. He
inherited skill in mechanical invention from bis parents, and

made his first start in life in the woollen mill industry. While

Btill a lad he started a printing office at Westerly, R. I., and

founded a journal called the " Literary Echo," which is still a suc-

cessful publication under the name of "The Narragansett." His

tastes led him to interest himself in photography, and all through

life he manifested great interest in the siiccessive achievements of

this art. His connection with printing brought him into contact

with printing-press manufacture, and a partnership was formed

between himself and Mr. Charles Potter, then treasurer of a cor-

poration in Westerly, and for some years they were in the field

developing this line of work. The polychromatic press for print-

ing in several colors at one impression was the invention of Mr.

Babcock, and upon this press and its method all press machines

for color printing have been developed. The first printer's

bronzing machine was also his invention.

He came to New York and entered the employ of Thomas D.

Stetson, then one of the large practitioners of patent law, and his

experience in this connection was of great service to him in later

business undertakings. It was while in this relation that he
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tanglit mechanical drawing to a shop class in the Cooper Insti-

tute series, and many helpful suggestions are the result of his

experience and labor.

He afterwards connected himself with the Mystic Iron Company
and with the Hope Iron Company at Providence, as draughts-

man, and it was while at this work in Providence, in connection

with his ingenious friend and partner, Mr. Stephen Wilcox, that

the design of the Babcock and Wilcox engine was developed and

manufactured. It will be recalled that this was an automatic

engine, one of whose principal features was the successful

isochronism of its governor and its steam-moved cut-off valve.

This was secured by abandoning the idea of the governing balls

being drawn downward by the force of gravity acting upon them.

The balls remained in a horizontal plane and were separated by the

acceleration due to centrifugal force from the axis of the spindle,

but the tendency to come inward toward that axis was brought

about by a weight acting upon the spindle through a bent lever.

It can be seen by this adjustment that it was possible to have

stable equilil)rium between the centrifugal acceleration of the

balls and the action of gravity upon the weight, only at the speed

for which the governors were adjusted. The engine would there-

fore tend to come back to speed when the variations of the load

occurred above and below the mean. The steam valves were of

the gridiron type, with a cut-off valve on the back poppet whose

motion was controlled by a cam which this governor adjusted

according to the load.

This engine was manufactured both in Providence and Balti-

more, Md., and elsewhere, and was successful as long as the early

Corliss patents were in force ; but as soon as they became public

property, competition so reduced the prices of manufacture that

this relatively costly tyyte became an uTiprofitable venture, and the

business was dropped. This took place in 188(3 or 1887. Previ-

ous to this time, in fact as far back as 1856, Mr. Wilcox had been

laboring over an inclined sectional boiler of water-tube type, and

the ability of the two gentlemen who later formed the firm of Bab-

cock & Wilcox for the manufacture of boilers was directed to

the perfecting of a safety boiler of this design.

Tliis early work was the basis of the Babcock &, Wilcox Com-

pany boilers, and in ]8f)8 both partners came to New York to

push the manufacturing bnsinciss.

It was at this time that the New York Safety Steam Power
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Company was started for the building of small engines, for launcli

and other purposes, which might be operated in connection with

safety boilers. The boiler business crowded out the other depart-

ments of the undertaking, until in 1878 it absorbed the entire time

which the pai-tners could spare, and in 1881 a stock company was

formed of which Mr. Babcock was made president and in which

his interests were large.

Mr, Babcock was one of the early members of this Society,

ideutified with its formation, active in its committee work and on its

Council, and its recognition of his service and ability culminated

in his selection for the office of president at the close of the term

of Mr. Coleman Sellers. He presided at the meetings held at

"Washington in May, 1887, and in Philadelphia in November of

the same year.

His death was due to a kidney affection, which was met by a

surgical operation which seemed the only possible step, and

although he rallied after the operation, death resulted two days

lat€r.

Mr. Babcock was possessed of a quick, decisive disposition, able

to bring to bear upon any subject all the knowledge he possessed

in relation to it. He had experimented over a wide field of prac-

tical apphcation, and was continually able to throw light from his

experience upon any question which might be presented. His

remarks in discussion on papers were always helpful and sug-

gestive. He could readily and rapidly take up a new subject and

master it thoroughly in all its details. When he was fifty-eight

years old he took up the study of French and acquired it suffi-

ciently to read, write, and converse in it. He was requested several

times to be one of the expert lecturers before the students of Cor-

nell University, and several of his papers presented in this way are

models of care and forcible presentation of facts, experience, and

opinion.

In 1873 he became a resident of Plainfield, N. J., and since

1880 has been president of the Board of Education in that city.

He was a leading member of that branch of the Baptist denom-
ination which observes as a rest day the seventh day of the

week, and conscientiously abstained from business obligations

which might affect the freedom of his Saturdays.

Of an affectionate, genial temperament, he was beloved by all

who came under his influence, and his death will be widely felt in

a number of circles. He left a widow and one son.
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The XXIXth Meetiug of the American Society of Mechanical

Engineers was convened in the city of Montreal, Canada, on the

evening of Tuesday, June 5tli. The hotel headquarters were at

the Windsor Hotel, and the professional sessions were held in the

engineering department of the McDonnell Enci;ineering Building.

The opening session was called to order hj Mr. Herbert Wallis,

chairman of the local committee, who introduced His Worship
the Mayor of Montreal, J. (). Villeneuve, M.P.P., who read an
address as follows :
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To THE American Society of jMechanical Engineers.

Genilemen : I consider myself especially honored at being

called upon to welcome to our city such an important body of men
as the American Society of Mechanical Engineers, and that such

an agreeable task should devolve upon me. I regard it as an

honor paid not to myself, biit to the entire population of the city

which I represent. You have come to congregate in Montreal to

hold the twenty-niuth meeting of your organization, and I trust

that your deliberations will be as fruitful as your most sanguine

hopes may expect, and that the esteem which we have already

based on your repute will be deepened by personal knowledge

into profound and strong attachment.

I cannot ignore the fact that one and all of you represent the

great industries of the United States, and I am well aware of the

importance of your body. The mechaaical engineer has been the

means of promoting the wealth, natural industries, and piogress of

every country in the universe, and of putting into economical

and practical form the disposal of capital Avith the least possible

outlay.

You are what may be properly termed the labor savers of the

world ; and the fallacy that machinery destroys the need of labor

remains to be developed. I believe, on the contrary, that it has

increased labor by increasing the output of all manufactured

goods. The hard manual work of former days has been greatly

impi'oved upon, and it is men belonging to your call in life who
deserve all the thanks and gratefulness of the people, as constantly

using your energy and intelligence for the general weal.

I sincerely hope, that, during your sojourn in Montreal, you will

give your attention to the industries we possess; and if you fail to

learn anything new from them, we shall, nevertheless, reap the

benefit of any iraj)rovements you may kindly suggest, and which

we as a friendly people will be sure to appreciate.

On behalf of the whole city, I therefore tender to you a sincere

welcome, and earnestly trust that your i)resent visit will be happy

and fruitful, and that you will long retain pleasant memories of

Montreal.
I. O. Villeneuve,

L. O. David, Cili/ Clerk. Mayor of Montreal.

Montreal, June 5, 1894.
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Aililresses were also read by John Keimedj, on behalf of the

Canadian Society of Civil Engineers, in the following words

:

ADDRESS.

The Council and members of the Canadian Society of Civil

Engineers welcome most heartily the American Society of Me-

chanical Engineers, on this its first visit to Canada. The Cana-

dian Society extends this welcome not only on its own behalf, but

also on behalf of all the engineers of Canada. It does so, first,

beca\ise it is a national society ; and, secondly, because it uses the

word civil in its original sense—as opposed to military—and the

Society embraces within its membership, engineers in all branches

of the profession. While in Canada our comparatively limited

population still enables, or, perhaps, compels, us to concentrate

our forces
;
your great numbers, combined with the ever-spreading

tendency to specialism in engineering, as in all other professions,

enable you to maintain great national societies, representing all

the principal departments of engineering. There is, however, no

branch of the profession which is not to a greater or less extent

connected with the other branches, and particularly with mechan-

ical engineering, of which, in America, 3'our distinguished Society

is the representative. Underlying all departments of engineering

there are, however, the same general principles and a common
foundation upon which all must build. There is also a commu-
nity of interest arising from common tastes and from professional

pursuits so closely related as to develop amongst engineers the

world over a feeling of unity, which, although nominally divided,

cements them in reality into one great whole.

"We therefore again warmly welcome you as professional breth-

ren, and also desire to express our high appreciation of the friend-

liness which has induced you, as a society of engineers of another

nationality, to visit us and hold your annual convention in Canada.
On behalf of the Society,

C. H. McLeod, Secretary.

The address of the Stationary Engineers of Montreal had been
carefully illuminated, and was as follows :

To THE President, Officers, and Members of the Ameiucan Society of
Mechanical Engineers :

Gentlemen :—We, the humble representatives of Montreal No. 1 Canadian
As-sociation of Stationary Engineers, are here in behalf of that body to bid you a
hearty welcome to our city.
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Our feeling is, that we are related to you, in a certain sense, even closer than

the proverbial " forty-second cousin," as from the hands of the mechanical engi-

neers a large portion of your labor, skill, and inventive genius are handed over

to the stationary engineers for economic operation, and to be maintained in that

high state of efficiency in which it was received.

We welcome you because you are one of the most important and most essential

bodies in existence. We welcome you because of the vast amount of valuable

knowledge that will be disseminated in our midst—IcQowledge which will be of

inestimable value to .some of our citizens. We welcome you because this con-

vention will give us still another opportunity of showing our friends from across

the imaginary line, for no matter what the tariff may be, you will find our latch-

string on the outside ; and, further, there is no export duty on the friendly greet-

ings which we beg you to accept.

You will most likely find that this city is behind the times in some respects,

but in others we have no doubt you will, ere you leave, say we are in advance.

You will, we are sure, find abundant proof tiiat we are progressive, and intend to

progress much faster in the future than we have in the past. Notice our large

mills, our water works, our street railways, our immense harbor improvements,

our grand university, and all in a city which is closed to navigation during nearly

half the year.

It is vviili feelings of pride that we look over the list of professional papers you

are about to discuss during this convention, embracing, as they do, some of the

profoundest subjects in mechanical engineering, and of the most vital impor-

tance to the steam users of to-day. These papers will not fail to leave a lasting

impression on the engineers of this city, an impression which in time will, no

doubt, bear fruit in the more economic operation of our several steam plants, with

a corresponding increase with profits to the owners ; and, further than that, we

feel that if it could be arranged for you to hold your convention here every year,

this city would be benefited to an extent beyond measure.

In conclusion, gentlemen, let us again welcome, and wish you all enjoyment

possible during your stay, and that we may soon see you here again.

Signed, on behalf of Montreal No. 1 Canadian Association of Stationary Engi-

neers :

(tko. Hunt,
John J. York,

Thomas Ryan.

Moiifrcdl, .hiiio 5, 1894

Sir Donald A. Smith, LL. D., Chancellor of the University, and

Prof. Henry T. Bovey, LL. D., welcomed the Society to the Uni-

versity and to the engineering building and laboratories. At

the close of these addresses, President Eckley B. Coxe of the

Society gave fitting response of a[)pr(U'iation, and delivered as an

address the paper on Technical Educalio)), which forms one of the

papers of the meeting. The laboratories of the building, with

their new and very complete equiinnent, were open and lighted

lor the inspection of visitors at the close of the session.
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The hospitality of the city had not permitted the guests to feel

neglected diiriug the afternoon preceding this opening session,

but the mayor of the city and the aldermen had invited the

Society to be their guests on a drive to Mont Royal Park.

Carnages conveyed the party through the picturesque foliage of

the ascent, and up to the Belvedere, where a lunch was spread

and appreciatively enjoyed. A suitable vote of thanks was passed

by the Society at a later session.

Second Session. Wednesday, 10 a.m.

The report of the tellers of the Council on the result of the

election of new members was presented as follows :

report of the tellers of election.

The undersigned were appointed a committee of the Council to

act as tellers (under Rule 13) to scrutinize and count the ballots

cast for and against the candidates proposed for membership in

the American Society of Mechanical Engineers, and seeking

election before the XXIXtli Meeting-, Montreal, Canada, 1894.

They have met upon the designated days in the office of the

Society, and have proceeded to discbarge their duty. They
Avould certify, for formal insertion in the records of tlie Society,

to the election, under the rules, of the persons whose names appear

on the appended list to their respective grades.

There were 513 votes cast of the pink ballot, of which nine were

thrown out because of informalities, the members voting having

failed to endorse the sealed envelope.

Chas. W. Hunt,
[

Wm. IT. Wiley, f
^^^^^^^-

There were 466 votes cast of the yellow ballot, of whicli 20

were thrown out, the voter not having affixed his name thereto.

Wm. H. Wiley, , ^ „

C. W. Hunt, ^
^*''*

HoNOiiARY Member Elected.

Isherwood, Benjamin Franklin.
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Atteibury, Wm. Wallace,

Black all, Robert C,
Blackburn, Arthur Henry,

Boyer. Francis Howard,

Brewster, Frank 11.,

Brock, Wm. M.,

Carney, Charles Joseph,

Clement, Lewis M.,

Coffin, Wm. Carey,

Eldridge, A. H.,

Emory, Fred'k Lincoln,

Frith, Arthur J.,

Field, Burr Kellog£^,

Flint, Bertram Pierpont,

Hnrstman, Henry J.,

lleffeman, John T.,

Frazer, Fred,

Glenn, H. F.,

Members Elected.

Hart, Clias. Edwin,

Herter, Einil,

Holly, Edgar Prentice,

llirt, Louis Joseph,

Hunter, James D.,

Jenkins, Matthew C,
Keller, EmilE.,

Kruesi, John,

Logan, Frank J.,

Langlotz, Charles,

Mantine, Charles F.,

Murray, Tlios. Edward,

McMannis, Wm.,
Pierrez, Jesae C.

,

Pascall, Richard Henry,

Piez, Charles,

Associates Elected.

Peckham, Wm. M.,

Rns?ell, Edmund Allen,

Rider. Thomas J.,

Setarnes. Wm. Ellison,

Stieltjes, Fred'k.

Seavey, John Franklin.

Smith, Harold Babbitt,

Stewart, Reid T.,

Schaum. Otto Walter,

Souther, Henry,

Spalding, Chester M.

Stokes, Samuel E.,

Upton, Wm. Bailey,

Vanclain, S. M.,

Waldo, Leonard,

Wright, Jas. Knox,

Yereance, Wm. Burnett,

York, Herbert Waldo.

Richardson, Clifford.

Promoted to Full Membership.

Bang, Henry A.,

Dixon, Walter Frank,

Foster, Clias. E.,

Bowman, Franklin Meyer,

Burr, Jonathan Sturges.

Bramball, John Asbury,

Bierbaum, Chiis'r Henry,

Bunnell, Sterling 11.,

Cruik^hank, Lyle B.,

Dale, O. (i..

Foster, Ernest Howard,

Guthrie, Edw. B.,

Rowland, Clias. Bradley,

Juniors Elected.

Quelbaum, David,

HofEraan, Jas. David,

Hale, Robert Sever,

Harvey, George Roy,

Kuhn, Joseph,

Kales, Wm. Robt.,

Logan, John Wood,

Rowland, George.

Merton, Jas. Millar,

Manning, Richard F.,

Miller, Alton S.,

Sang.-^ter, Wm.,
Smart, Richard A.,

Whitney, Alfred R., Ji

Wilkinson, Thomas L.

Tlie following announcement was also read.

THE SIXTH INTERNATIONAL CONGRESS ON INTERNAL NAVIGATION.

T(i the American Society of Mechanical Engineers.

Attention is again called to the opportunity to join tl)is Con-

gress and secure its })apers and the discussions on them.

The questions to be discussed were very fully mentioned in the

hulletin of tlic American Society of Civil Engineers of March

15, 1894. Tliey cover the construction and navigation of canals,

the plant at ports, the means of preventing ice blockades,
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traction and propulsion, the question of tolls, the relation between

the configuration of rivers and depths of their channels, and the

regulation of low water channels.

As these congresses are supported by governments of the

countries in which they are held, the charge for membership is

merely nominal, namely, five dollars, which may be sent to the

Secretary of the American Society of Civil Engineers by those

desiring to either attend the Congress or secure the papers.

Tiie Congress will open on July 23d, and will last one week.

During this time and shortly after, five excursions will be made
to localities of interest abolit Holland.

The American Line offer round trip tickets on their steamers

for Sl-44 The last sailing which will permit attendance at the

opening of the Congress is on July 11th.

The papers will be published in English, French, and German.

A meeting of the British Association for the Advancement of

Science will be held at Oxfoixl, commencing on August 10th, and

members visiting Europe will have an opportunity to attend both

functions.

The President announced the appointment, under Article 31

of the Eules, of a committee to nominate officers for the Society

for the ensuing Society year. He presented the following names

:

Mr. Worcester R. Warner Cleveland, 0.,

Mr. B. H. Warren Stamford, Conn., .

Mr. R. J. Gilniore Providence, R. I.,

Mr. C. W. Nason New York City,

Mr. .J. F. Holloway Cuyahoga Falls, 0.,

and requested confirmation, which was given.

Notice was also given in writing, under Article 45 of the Eules,

of amendments to the Rules, to be considered at the Annual Meet-

ing in December. These amendments affect Articles 2 to 14,

Articles 18, 26, 32 and 42.

Professional papers were then taken up as follows :

Notes on " The Theory of Shaft Governors," by A. K. Mans-
field, received discussion by Messrs. Lanza, Rites, Jacobus, Ball,

Baker, and Webb.
"Heat Units and Specifications for Pumping Engines," by A.

F. Hall, was discussed by Messrs. Hutton and Cary.
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" A New Eecording Pressure Gauge for Extremely High Kaiiges

of Pressure," by W. H. Bristol, was discussed by Messrs. Henniug,

Holloway, Laforge, Gary, Almond, Ball, McBride, Baker, Webb,
Halsey, and Stetson. Much of this debate covered the treatment

of steel springs outside of their use in steam gauges.

Note on " Compressed Air," by Frank Richards, was discussed

by Messrs. Jacobus and Goodale.
" The Eelation of the Drawing Office to the Sho])," by A. W.

Eobinson, was discussed by Messrs. Capen, Randolph, Wright,

Binsse, and Shaw.

The session then adjourned.

The Secretary's register at headquarters showed the follow-

ing members in attendance during the convention :

Almoud, T. R.,

Almy, Darwin,

Angus, Robert,

Asbworth, Daniel,

Babbitt, Geo. R.,

Baker, C. W.,

Ball, F. H.,

Barrus, Geo. H.,

Bt-ach, Giles,

Beach, C. S.,

Binsse, Henry,

Bird, W. W.,

Boenig, Robt. W.,

Bole, Wm. A.,

Bourne, S. N.,

Brewster, F. H.,

Brashear, J. A.,

Brock, W. M.,

Brown, R. S.

,

Blackburn, A. H.,

Burcliard, A. W.,

Biilkley, H. W.,

Citdwell, W. D.,

Camp, Geo. E.,

Cary, A. A.,

Cawley, Frank,

Clieney, W. L.,

Christie, W. W.,

Colwell, A. W.,

Corbelt, Chas. H.,

Coxe, E. B.,

Dale, A. G.,

Darling, Edwin,

Delancey, Darragh,

Edwards, V. E.,

Dick, John,

Engel, L. G.,

Fairbairn, W. U..

Field, C. J.,

Plather, John J.,

Forbes, Wm. D,,

Freeman, Jno. R.,

F revert, H. P.,

Galloupe, F. E.,

Gillis, A. R.,

Gilmore, R. J.,

Goodale, A. M.,

Greensmith, J. E.,

Griffin, C. L.,

Hall, A. F.,

Halsey, F. A.,

Hand, F. L.,

Harte, C. L.,

Hayward, F. H.,

Heggem, C. O.,

Henning, G. C.

,

Holland, Jno.,

Hollingsworth, S.,

Hoi lis, Ira N.,

Holloway, J. F.,

Humphrey, Jno.,

Hunt, C. W.,

Hutton, F. R.,

Hyde, C. E.,

Ive.s, A. W..

Jacobus, D. S.

,

Jones, Washington,

Keeler, E. E.,

King, C. C,
Knight, A. F.,

Kirby, F. E.,

Kirchhoff, Chas.,

Laforge, F. II.,

Lanza, Gaeiano,

Loring, C. H.,

Longnecker, C. K.,

Low, F. R..

Logan, John D.,

Mayo, John B.,

Marble. H. M.,

McBride, Jas.,

McDuffie, C. D.,

McClelland, E. S.,

McKee, J. J.,

Manning, C. H.,

Mansfield, A. K.,

Mason, W. B.,

Melvin, D. N.,

Merrill, A. L.,

Miller, F. J.,

Moore, D. G.,

Nason, C. W.,

Nicolson, J. T.,

Reed. H. A.,

Redwood, L I.,

Rice, R. H.,

Rites, F, M.,

Robb, D. W.,
Roberts, Wm.,
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Roberts, T. H..

Robinson. J. iM.,

Rockwood, Geo. I

Roelker, H. B .

Rog-ei-s, W. S.,

Roiiey. \V. R,.

Ross. E L..

Russell. C. M.,

Sangster. Wm.,
Scheffler. F. A..

Scboenboni. ^^

Schutte, Louis,

E..

Scott, Olin,

Sharp, Joel.

Sljftw, A. J..

Simpson, Wm.,
Sinclair, G. M.,

Smith, C. P.,

Smith. G. H.,

Snow. F. M.,

Stetson. Geo. R.,

Stiles, N. C,
Swasey, Ambrose,

Tabor, Harris,

Tatnall, J. E..

Thomson, John,

Veit, R. C,
Warren, B. H.,

Watson, Wm.,
Webb, J. B.,

Webster, J. H.,

Weeks, G. W.,

Wiley, W. H..

Waldo, Leonard.

Total 133.

There wa.s also a cousiderable number of ladies in attendance.

For the afternoon of "Wednesday a special train over the

Grand Tiuuk Railway conveyed the party with their hosts to

Lachine, where the steamer Filgate, furnished by the courtesy of

the Harbor Commissioners, conveyed the party down the river,

through the Lachine Rapids, and then for a sail on the quiet

reaches of the river below the city, to view the work of the Com-
mission in progress, including the guard pier. Afternoon tea was
served on the boat, and the landing was effected at tiie foot of

the Lachine Canal.

In the evening a most enjoyable reception was tendered to the

members and their ladies at the home of Sir Donald A. Smith,

the Chancellor of McGill University. The house, the conserva-

tory, the picture gallery, and the assemblage were all elements

in the pleasure of the party.

Third Session. Thuesday, June 7th.

Professional papers of this session were :

" The Theory of the Steam Jacket," by R. H. Thurston, and
discussed by Me.ssrs. Hale, Hall, and Rockwood.

" Results of Experiments with a Fifty H.P. Engine to determine

Influence of Compression on the Water Consumption," by D. S.

Jacobus, and discussed by Messrs. Ball and Barr.
" Cylinder Proportions for Compound Engines from their Free

Expansion Losses," by F. H. Ball, and discussed by Messrs.

Jacobus and Rockwood.
" A New Method of Compound Steam Distribution," by F. M.

Rites, and discussed by Mr. Rockwood.
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" Test of a Small Electric Railway Plant," bj Jesse M. Smith
and discussed by Mr. Baker; and the paper by W. S. Aldrich, on
" Power Losses in the Transmissive Machinery of Central

Stations."

The session adjourned for a visit and luncheon at the power-

house of the Montreal Street Railway Company, after Avliich a

lawn party was given by Mrs. H. T. Bovey and Mrs. Frank

Redpath upon their attractive grounds.

Fourth Session. Thursday Evening.

The papers of this evening were by M. P. Wood, on " Rustless

Coatings for Iron and Steel," discussed by Messrs. Holloway,

Henning, and Nason.

Jas. McBride, on " Corrosion of Steam Drums," discussed by

Messrs. Hutton, Hawkins, Randolph, Davis, Grimm, Flather,

Holloway, Babbitt, and Nason.

C. W. Hunt, " A New Mechanical Fluid," discussed by Messrs.

Rogers, Rockwood, and Brashear.

F. R. Hutton, on " First Stationary Steam Engines in America,'

discussed by Messrs. Durfee, Binsse, and Woolsen.

John R. Freeman, on " A New Form of Canal Waste Weir."

The session adjourned in good season to witness a beam test

in the University laboratory.

Fifth Session. Friday, June S.

The papers of the concluding session were as follows :

" The Cost of an Indicated Horse-Power," by De Courcy May,

and discussed by Messrs. Webber, Cary, Holloway, and Harte

;

" Effect of Varying the Weight of the Regenerator in a Hot-Air

Engine," by G. W. Bissell, and discussed by R. C. Carpenter;
" Mechanical Draft for Boilers," by W. R. Roney, and discussed

by Messrs. Cary, Coxe, Holloway, and Rockwood
;

" The Saturation Curve as a Reference Line for Indicated Dia-

grams," by R. C. Carpenter;
" Results of Measurements of the Water Consumption of an

Unjacketed 1,600 H.P. Engine," by J. E. Denton, D. S. Jacobus,

and R. H. Rice. diBcussed by Messrs. Ball, Rockwood, and Wright

;

and,

" Notes on the Corrosion of a Cast Steel Propeller Blade," by

F. B. King, discussed by Messrs. Ball, Roelker, Henning, Coxe,

and Flather.
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The following resolutions were then passed with acclaim, and

by a rising vote :

To the Goternors of Mc Gill University

:

Tbe American Society of Mechanical Engineers beg leave, through a unani-

mous vote of the members assembled in convention at Montreal, to express their

thanks for the opportunity given to hold their sessions within the halls of the

University, and for their kindly action in favoring the objects for which the

Society has cous-ened iu the city of Montreal.

The Aiucrican Society of Mechanical Engineers desires to present to the Mayor

and Aldermen of the city of Montreal their most hearty thanks for the drive ten-

dered to the members of this Society and their ladies to Mont Koyal, Royal

Park, and seek to express in this way their sense of recognition for the courtesy

of the city extended to them.

The American Society of Mechanical Engineers wishes to convey to Mr,

Herbert \A'allis, Chairman of the Local Committee, their thanks for his capable

pre>idence at their opening session, nnd for the arrangements which the Local

Committee in charge of these matters made for the details of the meeting.

To Pi of. John T. Nicholson, Secretary of the Local Committee, the Society

would add its further appreciation of his labor, which has been so thoroughly

and capably performed.

The American Society of Mechanical Engineers desires to express to the Grand
Trunk Railway their thanks for the courtesy of a special train conveying the

members and their ladies to Lachine.

It gave the members of the Society great pleasure to avail of this courtesy,

and they seek in this way to give expression to their recognition.

To the Harbor Commissioners of Montreal, the American Society of Mechan-

ical Engineers desires to express their sincere recognition and appreciation of the

ojiportunity to visit Lachine Rapids under theii- guidance, and for their enter-

tainment upon the steamer Filgate ; for the opportunity to inspect the work of

the commission which has been so serviceable in the develo])ment of the city

of Montreal, and to examine the work in progress for the further improvement of

the water front.

The Society seeks in this manner to return its hearty thanks for all these

courte.-ies.

Tlie American Sfjciety of Mechanical Engineers desires to express in this way
to the Hod. Sir Donald A. Smith, LL.D., Chanceilor of McGill University, their

sincere appreciation of his words of welcome on the occasion of their opening

session in the MacDonald Building, and to add an expression of their recognition

of his interest in engineerihg education, and the preparation of young men for

their life work in the profession which is tlieir choice.

They would, however, if that were possible, more fully on their own behalf,

and that of their ladies, convey to Sir Donaid and to his lady a burden of thank-

ful appreciation for the opportunity of being their guests, which tlie ordinary

words of a vote of thanks are inadei|uate to express. That they should have
had the opportunity to visit his beautiful home, and enjoy his art treasures amid
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their distinctive surroundings, is an experience wliich tlie members of the

society will carry with them to recall with pleasure for many days.

The American Society of Met-hauical Enginee s desires to extend to the Mon-

treal Street Railway Company a cordial expression of thanks for the oppoitunity

to visit their power-house during their stay in the city, and for the luncheon

served upon that occasion. An inspection of this modern plant, with its present V

capabilities and future possibilities, was appreciated by all who were able to take *

part in it. •

The Secretary was further requested and directed, in the name
of the Society, to transmit letters of thanks to those who were yet

to entertain the Society before the party were to disband finally.

The Society then, on motion, adjourned.

In the afternoon a visit was paid to the works of the Canadian

Rubber Company, and later a most enjoyable garden part}'^ Avas

given by Mr. and Mrs. J. H. R. Molson at Piedmont Hall. Many
representative Canadians were also present.

On Saturday a special train over the line of the Canadian

Pacific Railway conveyed the party to Ottawa. Here they were

received by a committee, who escorted them in private cars of the

Ottawa Electric Railway Company to the saw-mills of J. R. Booth,

Esq., where a fine view was iiad of the Chaudiere Falls ; to the

power-house of the I'ailway driven by water; to the Parliament

Buildings, Library, House of Commons and Senate, in which latter

room addresses of welcome were delivered by Sir John Thomp-
son the Premier, and by Mr. J. A. Ouimet, Ministei- of Public

Works ; thence to luncheon on the grounds of Mr. T. C. Keefer,

at Rockliffe. overlooking the river valley ; and finally to a garden

])arty held at Government House by Lord Aberdeen, Governor-

General of the Province. The water works power-house and the

Geological Museum were also 0])en to visitors, but the time of the

party was so fully taken up, that this opportunity could not be

utilized. The special train convoyed the party back to Montreal,

wluire it disbanded, some mcmlxsrs going on by night to Quebec,

and others leaving at once for their homes.

The American Society of Mechanical Engineers desires to express to Prof. •

Henry T. Bovey, LL.D., of the Faculty of Applied Science in McGill University, }.

a heartfelt appreciation of the energy and careful thought which has been the

foundation of so much of the success of the Montreal meeting.

To Professor and Mrs. Bovey, and to Mr. and Mrs. Frank Redpath, the

delighted thanks of the members and their ladies are due for a most enjoyable

and 3ucce.ssful lawn party, which has been made a feature of their week in

Montreal. *
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DLXXXTI*

TECHNICAL EDUCATION.

BY ECKLET B. COXE, DRIFTON, PA

^Pre8iclent of the Society.)

On an occasion like the present, when the Society is meeting

within the walls of a gi'eat institution of learning, it does not

seem out of place to devote a few moments to the consideration

of a subject which has attracted a great deal of attention in all

branches of the engineering profession, and in none more so than

the one which this Society represents. I refer to the question of

hoic shall the. young men ivho are to take our places he trained.

"Within the last quarter of a century, great progress has been

made, particularly on this side of the Atlantic, in this branch of

education. Schools have sprung up in great numbers, and their

standards have been steadily broadening and advancing. Hun-
dreds of young men graduate everj^ year, and, what is more
important, find places in all the leading industries. In fact, the

command and management of our great industrial army is grad-

ually falling into their hands. Yet those who are directly in

charge of their instruction are becoming more and more conscious

of the fact that the methods and programmes in use are not

wholly satisfactoiy, and more and more anxious to understand the

reason and the remedies. This is shown not only by the devot-

ing of one section of the Engineering Congress at Chicago solely

to the discussion of this subject, and by the founding of a society

specially devoted to it, but also by the earnest and constant

inquiries which are being sent out from many of tlie institutions

engaged in training young men for technical pursuits, asking why
their graduates are not as successful in obtaining positions or in

filling them as they would wish them to be, and requesting the

advice of those with whom they would naturally seek employment
as to what changes in the course of study should be adopted in

order to render their services of greater value and give them a
better chance for advancement. In fact, it is because I have of

Presented at the Montreal meeting (.June, 1894^ of tlie American Society of
Mecijanical Engineers, and forming part of Volume XV of the Transactions.
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late had my attention called so frequently to this matter that 1

venture to speak to you upon the subject this evening. Of course,

it would not be possible in the time at my disposal, even were I

able to do so, which I am not, to discuss fully so great and important

a question. I can hope at most to make a few suggestions, the

results of my business experience, and of what little attention I

have given to the subject, which may afford some slight assistance

to those who are specially chaiged with the solution of the

problem.

To those who have only looked into the matter superficicdly, or

who are not acquainted with the varied duties which devolve

upon the engineering profession, it may seem a comparatively

simple question. They may think that the engineering school

should be like a school of medicine, a school of theology, or a

school of law ; but there is a fundamental difference. The doctor,

lawyer, or clergyman has practically a well-defined course to

pursue, and the professional life-work of a graduate from any of

these schools does not differ very greatly from that of his fellow

students in the same branch ; but we have only to glance through

the list of members of any of our engineering societies to realize

how widely different are their duties and responsibilities although

all may be ranked and known as Mechanical Eugineers, or as

Civil Engineers, etc.

Engineers are generally classed as mechanical, mining, civil,

electrical, hydraulic, military, sanitary, etc. ; but there are other

classifications which we may consider with profit in this con-

nection. They may be divided into Unsuccessful and Success-

ful. Want of success may be due to many causes, but the most

general one (outside of mental and physical weakness) is the fact

that the engineer is not adapted to the duties which he is called

upon to perform. The old story of the round plug in the square

hole ! Every one who has hud experience in the practical manage-

ment of business enterprises must have observed that in many cases

men who have been comparatively successful have become fail-

ures when promoted or transferred to other duties, while in

others, men who have ])reviously been only ])artially successful

have become efficient and valuable em])lo3'ees wben for some

reason they have been obliged to undertake duties different from

those in which they have been previously engaged.

The successful engineers, that is, those who have found

their work and are doing it well, be they mechanical, civil,
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mining, etc., are really either business engineers, constructing

engineers managing engineers, theoretical engineers, compilers,

or teachers. These terms may not be strictly accurate, but they

will enable me, I hope, to express more clearly my ideas of the

great variety of the work which is clone by the engineering profes-

sion. By the words business engineer, I do not mean an engineer

who h:>s simply become a business man, but one who understands

and can take up any problem, from a strictly technical standpoint,

as well as from a business one ; and who, after carefully weighing

the advantages and disadvantages from both points of view, is

able to determine what, under all the circumstances, is best to be

done. Such men are very rare, and when once their capacity is

known, secure good positions and- command high salaries : none

are more useful. They know that, while theoretically a certain

solution of an engineering problem may be the best, yet, from a

business standpoint, another would be much more successful

financially. Let us consider for example the mechanical engineer

of a railroa,d. As a simple question of mechanical engineering,

the most economical results might be obtained by constructing

ten types of locomotives, each of which would do admirably in

the condition in which it was to be worked ; but as a matter of

business, two types constructed as a compromise between these

ten miglit be really much more satisfactory. The cost of

constrnction of each would diminish as the number of types

decreased. Repairs could be made more cheaply and easily as

spare parts of the two types (which would be interchangeable)

could be kept on hand. The greater the number of types, the

more difficult and expensive it would be to provide for such inter-

changeability and the keeping of extra parts on hand. If the

business increased in one direction more than another, the

compromise engine could still be economical in the new state of

affairs ; whereas, the specially constructed one would not be for

any other work than that for which it was designed. The same
remark applies to pumps, cars, machine tools, and hundreds of

other things.

Now, I do not wish to be misunderstood in this connection.

I am not refen'ing to the engineer who is simply a business man,

but to engineers who understand thoroughly engineering problems

and can take them up as engineers should in a general way, and
bring to bear upon them a business mind and a business training.

It is this class of engineers who generally have to determine the

42
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lines along which the next class, that is the constructing engineers,

must work. It is their peculiar province, when given the con-

ditions of any problem, to design in all its details the machine,

furnace, rolling mill, railroad, or whatever it may happen to be,

to decide what is best to be done within the lines laid out, and to

see that the work is carried out as decided on. This requires a

high order of ability, and in this class we would place some of the

greatest engineers the world has known. When once the design

has been made, it becomes tlje duty of the managing engineer to

superintend the actual building of the machine, or erecting of the

plant according to the plans of the constructing engineer, or to

manage it after it is constructed and in practical use. He comes

in contact with the foremen and workmen, and must understand

and be able to cope Avith all the problems arising from the man-

agement of men. In an establishment where machinery is built

on a large scale, his special province would be, after the plans

and specifications had been decided on, to obtain proper material

and to work up the same ; he must utilize to the best advantage

the men and machinery, and must understand the relative cost

of doing the woik in one way or another, and the effect of using

high or low priced labor or material ; in other words, his engi-

neering training and ability is utilized to produce the best results

with the least expenditure of money. This is an absolutely

different problem from that of designing or laying out the work.

To be successful in this requires a knowledge of men and a broad

view of economy ; and, in many cases, the success or failure of

an establishment is due more to the ability or lack of it in the

engineer to whom is confided this part of the business, than to

anything else.

There may be subdivisions of each of these three types, or

there may be combinations of two or more or of parts of two or

more of them in the same man as the varying conditions of the

enterprise may require, but the business work of the engineer

practically falls into these three categories.

The other three types of engineers whose work is not always

appreciated, but the value of which can hardly be over-estimated,

viz., the theoretical engineer, the compiling engineer, and the

teaching engineer, require a mind of a different kind and a differ-

ent training. In many cases the same ])erson may be eminently

successful in all of these tiiree branches. Under the head of

theoretical engineers (words which do not exi)ress accurately
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what I meaD, but which I use for the want of better), I include

those who devote their lives to working out the problems which

lie at the basis of all good engineering. Such are the men who,

familiar with ]^hysics, mechanics, ehemistrj^ etc., often without

anv hope of pecuniary reward, devote months and years to the

careful study of the properties of materials and the manner in

which they act under different circumstances, and discuss the

results mathematically, deducing laws and formulas which become

the guide-posts for those engaged in practical work. Of such a

character was the work of Sir Lowthian Bell upon the blast

furnace ; the work of Regnoault upon steam, liquids, elastic fluids,

expansion of mercuiy, etc., which laid the foundation for the

scientific study of the steam engine ; and the work of Weis-

bach upon the flow of liquids. I have cited only a very few of

the great names, but in every country and in almost every

locality, you will find men engaged in this class of investigation,

the results of which are absorbed in the general literature of the

profession, while the names of those who have done it are for-

gotten by all but a very few. This requires men of special

traiuhig and special ability. A man pecuharly fitted for it turns

to it even when other fields of greater profit are open to him.

The testing departments which have been established of late

years by some of the large railroads and manufacturing establish-

ments indicate how this branch of engineering has come to be

recognized as valuable and to be managed on a commercial basis.

The compiler is another useful but not always thoroughly ap-

preciated member of the profession. It is he who gathers data,

which are so widely dispersed in technical literature that it is

almost impossible to find them or so badly set forth as to be of

little use, and arranges them in such a way that they are easily

accessible to the profession or to the parties by whom he is em-

ployed. He is often able to obtain from private sources informa-

tion which supplements and adds value to that which has already

appeared ; and in many cases by calling the attention of a theo-

retical engineer to data which are wanting, he is able to obtain

them.

Last of all we have the teaching engineer, or professor, by
whom the work of those practically engaged in the pursuit of

their professions as well as the information obtained by the

theoretical and compiling engineer is brought together, digested

and transmitted to the students who are being trained to take the
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places of those now engaged in the management of the world's

affairs. There is no branch of the profession which imposes

higher duties and greater responsibilities, or which furnishes

greater opportunities for good work. To men who realize these

duties, responsibilities, and opportunities, and who are in love

with their profession, there is probably no calling which gives

more real mental satisfaction ; but where the work is not one of

love, where the professor is really not interested in what he has

to do and does it merely for the purpose of earning his living,

there is very little likelihood of his being very successful or

contented with his lot.

There is a third method by which engineers who live by their

profession may be classified, wliich though at first sight it may
seem peculiar is of vital importance in looking the problem in the

face. Engineers may be divided into two classes, viz., those who

rise more or less rapidly, and those who do not rise at all, or at

least rise very slowly. The engineering profession has been

changing for a number of years, and in consequence of this, the

condition of the younger members of the profession has changed

alsoo In old times the chief engineer of a railroad did practically

everything. He built the road-bed and the bridges, made the frogs

and switches, looked after the locomotives and cars, and in fact,

was supposed to be able to construct and repair almost every-

thing used upon the railroad. To-day it is different, for the chief

engineer of a railroad simply decides that the company will use

certain types of bridges, and l)uys them as he would buy a sew-

ing machine ; they are furnished by parties who make a specialty

of building bridges. The switches, frogs, etc., with a complete

system of interlocking apparatus, are purchased from firms \\ ho

make a specialty of building them, as are also the locomotives

and cars. In fact, the actual work of the chief engineer of a

railroad in full operation is often almost reduced to knowing,

first, what are the best articles to use and how to obtain them,

and, secondly, how to ])ut them together, and use them after

you have got them. In consequence of the consolidation of

railroads, by which thousands of miles of road come under one

head, one man can and does decide such (juestions for a large

portion of the United States just as well as for a road one

hundred miles long. The result is that there has been a very

great diminution in the number of engineers employed ])er mile

of road, and a great increase in the number of assistants compared
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to that of cliicf engiueers, and that there is a lari^e number of

engineers in subordinate positions, such as ehaiumen, rodmen,

draughtsmen, etc., for whom there ma}' be little or no chance of

promotion ; and there are many who must occupy practically the

same positions all their lives, as there are very few men above

them to wliose positions they can hope to succeed. The intro-

duction of the blue-print process has done away with a large

number of draughtsmen, and has changed very materially the

methods of doing engineering work A dozen blue prints are now
made where two tracings would have sufficed ; and as the neces-

sity of comparing tracings after they are made is done away with

(the finished drawings being usually made on tracing cloth instead

of on ]iaper as formerh-), the number and character of the men
employed in the draughting office have changed.

If a student after graduating obtains a subordinate position of

the kind which twenty-five years ago was the most common (rod-

man, draughtsman, etc.), his promotion is likely to be very slow,

particularly if it is in an old institution, unless he is able to make
a place for himself outside of the regular line of his work ; but the

great problem for the student who has entered upon practical

work is how to avoid pushing himself so fast as to hurt his chances,

without, on the other hand, standing still. The real truth of the

matter is, that in proportion to the work done, the number of men
who are engaged in the actual designing, planning and superin-

tending is very small compared with the number of those who are

doing more or less mechanical work ; that is to say, that the chief

engineer with two or three assistants will employ, perhaps, thirty

or forty draughtsmen, transit-men, and others of this character,

while the amount of work turned out, due to the fact that each

man is employed on one S})ecialty, is greater than under the old

system. It is nothing more or less than the extension to engineer-

ing of the methods of the division of labor. On the other hand,

there is a very decided and growing tendency to place the work,

which was formerly in charge of men who had risen from the

ranks and had become foremen, in the hands of graduates of tech-

nical schools, who, after leaving college, have learned the practical

part of the business in the works themselves, and, being thus

fitted both theoretically and practically for the work in hand, are

able in most cases to do better. In addition, there is a desire on
the part of many of the more intelligent employers to encourage

their workmen who are to occupy places of responsibility to fit
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themselves bj studying dniwiug aud tlie elements of mechanics,

physics, and mathematics, to better understand and carry out the

instruction of those who have the designing and supervision of

the work. Not only is this the case, but in Pennsylvania our

mining law positively forbids the placing of any mine under the

charge of a foreman who has not passed an examination showing

that lie has, not only the practical experience, but such knowledge

of the fundamental principles of mining, with special reference to

the subject of ventilation, and of the mine law of the State, as will

enable him to conduct the operations under his charge with proper

regard for the safety of the men. The examinations are held

yearly by a commission appointed by the Court, and those who
pass the examination receive certificates of competency from

the State, without which they cannot assume the charge of a mine

as mine foreman. The result of this has been to force those who
wish for advancement to study, and to give us a much better

trained set of mine foremen.

The position which the successful engineer occupies to-day does

not depend upon whether he graduated as a civil, mining, mechan-

ical or electrical engineer, but upon the fact that he has a mind,

and has had a training, which has enabled him to develop in the

particular direction in which there was the greatest chance of

advancement, in the business in which he was engaged. In other

words, you will find mining engineers coming to the front in rail-

roads, mechanical engineers coming to the front in mining, civil

engineers coming to the front in metallurgy, etc. There is no

better example of this than the late Alexander L. Holley, one of

our founders and vice-presidents. When he entered uj^on his

career, there was no brunch of engineering in which it seemed less

likely that be would make the great success of his life than in

metallurgy of steel ; and yet there is no one who contributed

more to the development of that industry in the United States

than he.

Keeping these facts in mind, let us now turn to the question of

what is the best way of educating a young man for the engineer-

ing profession. If I were obligcul to give a specific answer, I could

only say, that 1 do not hiow. Engineering education on the large

scale, which our industries now demand, is of so recent a date

that we have comparatively little experience to guide us, and in

this the other professions have the advantage of us. The prob-

lem seems to be : Not knowing exactly wliat you ivant to do, nor the
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matenal yon have to do if icith, ichat is the lest way of doing it? In

other wonls, as we do uot know exactly what it is best for an

engineer to know to make him most nseful, nor the exact mental

and phj'sical eomlitiou of the students who are to be instructed,

it is very difficult to determine how to Iraiii them to the best

advantage. There are, however, certain suggestions which I will

ventiu'e to oti'er, not with any idea that they contain much of value,

or that they cover much ground, but simply as a contribution to

tire study of the question.

The subject of technical education has always interested me
deeply. As an employer I have come in contact with many
engineers, and as trustee of one of our technical colleges I have

been obliged to consider it very carefully. It seems to me, in the

first place, that the students, no matter what branch of engineer-

ing they are to take up, should be trained thoroughly in the ele-

ments of mathematics, pliysics, chemistry, mechanics, and in

drawing; and under the head of drawing, I do not mean simply

making a handsome drawing, but I mean in the use of the brain,

ns well as of the hand, so as to understand thoroughly the relative

importance of the different elements which go to make up a good

drawing. What may be a good drawing for one purpose is a bad

one for another, and any expenditure of time or money upon a

drawing without increasing its value is to be avoided.

The essential point in training a student, say, in mathematics,

is that he should be taught correctly and thoroughly those

branches which it is pretended to teach him. In other words, if

you do not take him any further than arithmetic, let him be

taught properly and understand thoroughly arithmetic ; if algebra

as far as quadratic equations, let his instruction be real to that

point. If he takes up the differential calculus, he should be

taught it as far as he goes thoroughly, so that he may under-

stand it. The same may be said of phj'^sics, chemistry, and
mechanics. If you only teach a man a very little, let that little

be taught proj^erly, and let the student when he graduates have
thoroughly at his command all those branches which his diploma

certifies that he is proficient in. There seems to be an idea in

many schools that every engineer should be taken through the

difftjrential calculus, and that no one should be allowed to gradu-

ate without having mastered it ; in fact, in many colleges, as a

friend of mine expressed it, the differential calculus serves as a

sort of screen which separates the wheat from the chaff ; that is
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to say, those who pass satisfactorily in the calculus at a certain

time, say at the end of the sophomore year, are allowed to go

on and graduate, and those who do not are turned back. No
one has more respect for the calculus than I have. In my student

days, and up to the present time, it has been and is one of my
pleasures to study and use it ; but my experience in life has

proved to me that many men who are not able to really under-

stand it, much less to use it, have been and are engineers of the

highest ability, ornaments to their profession, and better fitted

for certain lines of engineering work than othei^s of much greater

mathematical ability. On the other hand, I have known men to

whom the calculus was an easy study, who went through it almost

without work, and enjoyed it, and yet these same men were defi-

cient in other qualities of mind, which were absolutely essential

for making a successful engineer. I do not wish to be understood

as in any way ignoring the great value of the calculus. It has

opened fields to engineering science which, without it, it would

have been almost impossible to enter ; but what I do maintain is

this, that there are men who can become great engineers without

it, and there are many men who have wasted time in college

studying it and trying to apply it without any practical results,

and who have never looked at it or used it after they have gi'adu-

ated. As I said before, these are not always the unsuccessful

ones, but in many cases the most successful. It seems to me
that the calculus should be taught, and taught thoroughly, in

technical schools, to all those who are able to grasp it, but that

those who cannot should not be prevented from getting an

engineering education, as far as it can be given without the use

of the calculus, because of their inability to understand it. All

good mathematicians are not good engineers, nor are all good

engineers good mathematicians.

There seems, also, to be an ojiinion among a portion of the

community that practical training at a technical school, in the

machine shop and in the field, is of great importance; in fact,

of greater importance than the study of the fundamental prin-

ciples of the profession. There is no doubt that the practical

training of the hand, the eye, and the practical study of the

actual operations of machinery, boilers, etc., is of great value

;

but it is a waste of time to try to make the student a good

machinist or a good transit man. He should be taught the

practical processes by which the machine work is done, such as
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filing, latlie-woik, planer-work, fifcting-up, etc. ; but the time

should not be taken from his studies to make him a good

workman. He should not spend days in trying to acquire

enough experience in surveying to be able to take charge of an

engiueer corps, for no one would give him such a position. When
he graduates, he might get the place of a rodman. If, before or

after he gi-aduates, he has time to go into a machine shop, or to

go into the field, and do practical work, it will, of course, be of

great value to him ; but the point I make is, that everything

should be sacrificed to training the student thoroughly and fun-

damentally in those branches of natural science upon which the

engineering profession stands. When that has been done, their

special application to civil, mining, or mechanical engineering can

be given him as far as the time allows; but to sacrifice the for-

mer, in order to give him a certain facility in the practical work of

any special profession, is a waste of time. These things should

be learned afterward in actual practice. In other words, when a

man receives a mechanical engineer's diploma from a first-class

technical college, it should, and does, mean only that he has pur-

sued with diligence and profit the branches of natural science

which the experience of the men who have carefully studied the

subject has shown are most useful to those who are to engage in

the profession of mechanical engineering. Of course, with it he

has been given instruction in the principles of mechanical engi-

neering, and has been directed and allowed to study in practice,

as far as possible, their application ; but this has l^een only in

the most general way, as it would be utterly impossible for any

one in the time that a student passes at college thoroughly to

master the details of mechanical engineering. It takes men years

thoroughly to study the construction of the locomotive, or* of

pumps, or of the steam engine. If I wished to employ a young
man in an engineering position, and had my choice between two

equal in ability, age and health, of whom one thoroughly under-

stood the fundamental principles of mathematics, mechanics, phys-

ics, chemistry and drawing, and the other was not as thoroughly

trained in these but had a college-shop experience and had gone
through the regular courses upon the construction of locomotives,

pumps, etc., and was able to discuss more or less intelligently

all these different kinds of machinery, I should take the first.

Although for the first year or so he might not understand as well

as the other the details of the work he was engaged in, and might
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require more explanations and go slower, yet, at the end of a

couple of years, he would be far ahead ; and he would make an

equally useful man in any of the branches of the engineering

profession ; that is to say, he would, as he gained experience,

succeed as a civil, mining, or mechanical engineer, because the

foundation of his technical training would be so broad and strong

that any structure which was constructed upon it would be dura-

ble and solid.

A second point which seems to me of importance is the busi-

ness training of an engineer. He should have some knowledge of

business methods and of book-keeping; he should understand the

importance of knowing the cost of a thing and the causes of such

cost and the methods by which it can be determined ; he should

realize that no expenditure, however valuable the results which

may be obtained from it, should be made unless the money for it

can be provided without crippling other branches of the business
;

and he should know that it is not good engineering, that it is not

good business, to let a contract at a price which he feels sure is

below the actual cost of doing the work, for, except in rare cases,

one of two results will follow : either the work will be slighted, or

the contract will be abandoned, both of which may occasion a

great loss. I cannot be too emphatic in regard to this. It is

hard, I think, for any one who has not had actual experience in

the matter, to realize how much the usefulness of an engineei',

even when his functions are not of great importance, is lessened

by want of business training and a knowledge of business methods.

Many a young man who had a promising career before him has

been prevented from advancing because his employer did not feel

safe in confiding anything of a business nature to his charge.

The engineering student should be taught tiie absolute

necessity of accuracy of observation, accui'acy of statement, ami

accuracy of reasoning. He sliould be particularh^ cautions

if superficial observation seems to show that the results are

as hoped for. When things do not turn out as we wish, we are

very likely to examine every detail with the greatest care ; but

when they seem to be as we desire, we are not always so

])articular. When an engineer has the slightest doubt as to the

result which he has obtained, or the conclusion at which he has

arrived, he should state these doubts with great fulness and as

specifically as possible wheii making a report. It may not ])lease

your client at first, but it will please him much more than if you



TECHNICAT. EDUCATION. 661

leave them out ami he sliouUl fiml afterward that, had they been

taken into account, failure miglit have been prevented. Above

all, he should be taught not to waste. The greatest chuin that

the engineering i>rofession has upon the respect of the world is

that it has persistently and continuously Avorked to save waste,

and to convert those things wiiicli are hurtful or useless into

sources of wealth.

The technical school should be like any other great engineering

establishment. It should aim to obtain with the material at its

command a product which should have the greatest total value.

It should not try to turn out a few very brilliant men, while the

great majority of the students are either dropped or imperfectly

educated. Of course a school, like the blast fnrnnce or rolling

mill, .-should endeavor to get the best raw material which can

be had in suthcient quantities and at a reasonable price, and it

should furnish a product of the greatest value in the markets to

which it has access.

Men who become distinguished as engineers, lawyers, physi-

cians, or clergA'men may do so because they possess one special

faculty which is particularly valuable in their chosen profession,

and which places them in some way above the mass of their

colleagues. This type of man, if he has the misfortune not to

adopt the profession for which his talent peculiarly fits him, is

very unlikely to make a success. Other men become distinguished

because they have good, broad, all-around minds which enable

them to take up and master any profession which they may adopt.

A man of this kind of mind is likely to succeed no matter what

calling he may select and no matter under what circumstances.

It is rare for a man who has made a success in one business or

profession to make an equally great success in another, because

the successful men are generally men of the first type; but when'

a man has a mind of the second type, he is likely to succeed in

any business which he undertakes, and sometimes he may make
a greater success in the second than in the first.

It seems to me, therefore—but I express my opinion with a

great deal of diffidence—that the technical school should strive

to produce rather well-trained, all-around men, than specialists;

that is, that the training in those branches which form the ground-

work of all engineering should be uniformly thorough, none being

carried to a higher point than the others and none being

neglected. In other words, that the student should have as much
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knowledge of each of the branches as is necessaiy for him to

thoroughly utilize liis knowledge of the others.

The students, under these circumstances, could enter almost

any establishment and very soon make themselves very useful

men by further training, instead of being specialists, who, if they

should not obtain employment in their specialty, would be

practically of no more value than untrained men.

The faculty of a technical school should also consider very

carefully the condition of life from which its students are mostly

drawn, and the occupations, or positions, which their students

will be most likely to fill after they graduate.
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A y£\V FORM OF CANAL WASTE-WEIR.

Br JOHN R. FREEMAN, BOSTON, MASS.

(Member of the Society.)

The ordinary type of canal waste-weir is a simple straight

dam of masonry or timber with an open rollway. At Holyoke,

Lowell, Lawrence, Lewiston, Manchester, and at many other

water powers, the same general model is followed with but

little variation.

Three years ago the writer was called upon to design a suit-

able waste-weir for the canal of the Nashua Manufacturing Com-
pany at Nashua, N. H., and although there was nothing in the

circumstances to have prevented following the old familiar model,

a closer study of the problem resulted in devising a type of

structure which has since been found so successful in its instal-

lation and operation, and was withal so economical to construct

for a given length of overfall, that a brief description may be

of interest to some of the many members of our Society who
have to deal with water power.

The canal in question is about two and a half miles in length,

and conducts the whole ordinary flow of the Nashua River to

turbines of the Nashua Manufacturing Company's cotton fac-

tory. This flow within the canal, during working hours, is

ordinarily about 600 cubic feet per second, which develops

about 1,800 H. P. If all the present turbines were in operation

at full gate, about 2,800 H. P. would be developed. The canal

for nearly its entire length winds along the river blufi", Avhich is

of sand and gravel and is 20 to 30 feet high. The embankment
which restrains the water is pure loose sand, without masonry
wall, puddle core, sheet piling, or clay, but which has become
tight and impervious from the silt and consolidation during

more than fort}' years of use.

The top of the embankment is in many places but little more

* Presented at the Montreal meeting (June, 1894) of the American Society of

Mechanical Engineers, and forming part of Volume XV. of the 2'ransactions.
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than two feet above the high water line, and tlie head gates, by
which the height of the water in this canal is controlled, are

more than two miles distant from the factory by the shortest

road.

It is, therefore, of great importance to have an overflow weir

of large capacity which, like a safety valve, shall prevent the

water from ever rising so high in the canal as to endanger

this long and easily destructible embankment.

It is also of great advantage to have a waste-weir and

sluice-way of such compact form that it can be placed near

the factory buildings, in plain sight of every passer-by and quick

of access, and to have the waste-way channel obstruct the factory

yard to the least possible degree.

One further requirement was that this waste-way should

afford the utmost convenience for getting rid of ice in the canal,

which, in the severe winters of this region, forms over the canal

freely during the night, and is broken off at times by the rapid

current of the day and comes down sometimes as a great quan-

tity of thin sheets, or, at other times, becomes detached in large,

thick cakes.

Such requirements as just mentioned are found at many of our

Northern water-power mills.

The form of apparatus herein described has fulfilled all the

requirements of the situation, in a manner giving satisfaction to

all concerned, and is presented to the attention of those mem-
bers of the Society interested in water power, in the belief that

there are many situations where this general hopper-like form

of plate iron, Avith the discharge carried off with the utmost

safety to the embankment through a large plate iron tube, will

be found advantageous.

The general surroundings are shown in Fig. 190. The em-

bankment A, B, C is an embankment of pure loose sand, and

probably is at least 40 feet deep at B above the underlying

ledge. Evidently, should any rupture of the bank occur, the

high and very valuable factory buildings between it and the

river would bo imperilled. Most of the embankment B D ia

forty or fifty years old, and, therefore, although of pure sand,

has become well compacted.

No continuous sheet piling had in earlier years been carried

along tlirough the cnibaidiment // D, and we .added none now,

except the lines at A, />, and G (Fig. 192), each line only about
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40 feet long, but in order to prevent water from leaking and fol-

lowing down along underneath the penstock, cut-oif walls of

masonry were built around the lower half of the penstocks, 15

feet apart, each 2 feet thick, and extending out from the iron

conduit a distance of 2 feet below it and from 2 to 4 feet out

from its sides.

The waste-weir is formed along the edge of a hollow rect-

angle, 20 feet X 30 feet, which is surrounded by water on all

four sides, and it thus presents a total length of overflow crest

along the flashboards of nearly 100 feet.

Fig. 191.—Sketch showing form of \^\'eii—Canal empty. Flashboards and Hoist-

ing Rigging Platform around top of Weir not shown.

This great length of overfall is thereby obtained in a very

compact form, and in a space so small that it could easily be

roofed over, or covered by a house if special conditions required

this.

It was at first the intention to build a house about 38 feet x

28 feet over this weir, which should protect it from the extreme

cold, and thereby prevent ice building up on its interior, as

water leaked througli the flasli])oards, or slowly ran over them,

and which should also form a shelter for any men who might
have to be kept working on tlie weir when the ice was running
badly in the canal. It was concluded to defer the building of

this liouse until its absolute need should be shoAvn.

Tlie winter following the completion of the structure was
exceptionally severe, but everytliing went along all right witli-

out any liouse, and during the winter just passed it was also
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fonnd that no house was needed over the weir. Therefore

none will be bnilt.

The declivity was so steep, that the ice,

from small streams running over the weir,

did not attach itself to the smooth steel

plates of the interior, nor did it catch ou

•within the waste-way tube. No interior

projection existed to retard the water and

give the ice a chance to form ; the rivets

were countersunk, and the iron plates were

made up with smooth butt-joints on the

inside of the hopper with butt-straps

beneath.

Moreover, it was found that this ice-way

could pretty nearly look out for itself. The
openings between the flashboard handles

were so ample ; the " piers," or vertical

deck beams, presented so narrow an ob-

struction ; and more than all, the " gate-

flashboard," at the middle of the front,

presented so generous an ice-way when
hoisted, that no laborers were needed to be
stationed on the weir when ice was run-

ning.

Fig. 192 is a longitudinal section corre-

sponding to Fig. 190, and illustrates very

clearly the small amount of masonry re-

quired for the waste-way proper, and the

safety against any possible scour from
the water after it has passed the crest of

the weir.

This particular structure was compli-

cated by the large drain gate and the re-

movable flashboards, but it has appeared
to me that a simple design like Fig. 193

might sometimes prove a useful means
of providing an overflow through an earthen,

embankment, taking, of course, suitable pre-

cautions to strengthen the waste-pipe be-

tween E and F, if the bank were high, or,

if there were great values at stake, by
43

,(H=o

i
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encasing it within a mass of concrete resting upon natural

liardpan, or resting upon other suitable foundation. The waste

penstock should of course be provided with suitable cut-off

flanges or walls, as G. The bottom and sides of the hopper

should slope steeply, and enter the tube with no corners or

angles. A very high declivity should be given to the tube

itself, so the throat at E cannot by any possibility become
gorged, and the bottom of the outlet J should be above the

tail-water, lest it become partially obstructed by ice forming

within its lower end.

In the particular structure described, the bottom of the

hopper was in smooth alignment with the tube. The side

slopes of the hopper merged into the curve of the invert of the

tube with no abrupt angle, and in a form which experiment on

a model had indicated would roll the current of water or blocks

of ice back into the channel with a smooth and speedy exit.

Special care was taken to provide a waste tube of such

declivity, shape and area, that a gorge could not form at the

throat. The declivity of the tube was so great (1 foot in 10

feet), and its area so generous (eight feet in diameter), that it

would run but little more than half full (as indicated by a

theoretical computation) with every inlet opened wide, all the

flashboards pulled out, the drain-gate raised, and the canal at

high water mark.

This weir was provided with removable flashboards on all

four sides. On the front the iron overflow sill of the permanent

structure was 3 feet lower than the ordinary water level, on the

two ends the permanent sill was 2 feet lower, and at the back

1 foot lower.

The flashboards were each 1 foot wide ; and thus on the

front, for instance, the crest could be lowered 1 foot, 2 feet, or

3 feet, according to any temporary need.

Experience on the main water power canal at Lawrence had

tauglit the writer that the best way to run out ice with the

minimum waste of water is to let the broken ice accumulate in
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the boom above the weir for a time, meanwhile wasting no

water, then to open from one to four bays of flashboards 3 feet

deep and sweep it out with a rush, and then shut up these

flashboard bays, save water, and let the ice accumulate for a

while afraiu. Experiments made there show that a current of

the force produced by an open gap, 3 feet deep, is needed to

sweep the ice along well, and that a 5-foot gap is rather too

narrow to pass heavy ice without clogging. This gap, 1^ feet

long by 3 feet deep at the Nashua weir, serves admirably, as

is illustrated by the photograph reproduced on page 683.

The depression in the water surface close to this large open-

ing cracks the larger cakes of ice, and the strong current and

this large depth at the crest quickly sweej)s them over out of

the way.

This flashboard gate can be lifted its full height in about half

a minute, and will run down under its own Aveight in, say,

5 seconds, and the quickness and ease with which it can be

opened and shut adds much to the facility with which one man
can manage all when ice is running badly.

The following figures illustrate the amount that might come

over the weir with flashboards pulled out, and canal at full

height

:

APPROXIMATE DISCHARGE OF OPENINGS IN WEIR.

Cubic feel

persecoud

Equivalent
horse-power or

turbines.

Fla-hboard gate. 7i feet x 3 fe-et, wide open 120
300
320
90

360
Ail remaining four front flashboards removed, 3 feet deep
All eight end dashboards removed, 2 feet deep
All five back flashboard.s removed, 1 foot deep ....

{100

960
270

With every flashboard around weir removed 830 2490

Draw-ofT gate, 7 feet x 4 feet, wide open 500 1500

Therefore, either through the drain-gate alone, or through

the flashboard spaces alone, an amount of water, about equiva-

lent to the whole draught of the turbines, could be wasted should

any sudden accident demand the shutting down of the turbines

without opportunity to close the gates at the head of the canal,

2.2 miles distant.

On the other hand, if all flashboards and gates at the weir
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were left shut, when suddenly closing the turbines, while the

gates at the head of the caual were left open, a rise of 1 foot in

the canal-level would pass 300 cubic feet per second over the

crest of the weir, and a rise of about 18 inches would pass the

whole ordinary flow of the river over the waste-weir.

^^^^^m^^
TRANSVERSE SECTION OF WEIR,

Pig. 194.

The description of the details may be very brief, since all is

shown with tolerable clearness in Figs. 194, 195, and 19G. We

I Waste Tul» 1

Bay

Water 5 ft. Deep

Posts between flashbotirds

ftnd supporting platform

Kll of 10 In. deck Kama
»X 8U lbs. per yd.

J ).

Oouerul I'ueu of Canal Wall

•Watur 10 ft. acep FlaHbbonr-l pato

8 It. high I 7H ((.HMO.

for qulek use and lor

runiiliik' nut eakca of Ico.

GROUND PLAN OF WEIR.

Fio. 195.

may note that all parts between wind and water were of iron or

steel, that the rivets were countersunk on all interior surfaces
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awash, and that all extended surfaces of steel plate against

which might come the impact of cakes of ice and falling water,

were so backed up by concrete as to give them an anvil-like

solidity, and that to prevent the •^-incli steel plate from springing

away from its masonry backing, all extended surfaces were

stiffened by ribs of channel iron which hooked into the

masonry, or by anchor bolts at frequent intervals.

Everything about the water-way was made smooth as pos-

sible, without projection, and with no edge of a sheet and no

rivet head projecting against the current where it could be

struck by moving ice or floating material.

Fig. 196.

The contractor bid almost as cheaply for the waste tube built

in tapered courses lapped in the down stream direction, so

that the edge of no sheet projected against *the current, and with

all rivets in the lower half of the section countersunk, as he

would if it were built in " large and small " courses and with

projecting rivet heads.

The upper part of the cross section was a semicircle, but

the lower half of the tube was made of a broad shallow ellip-

tical section (shown in Fig. 194) to facilitate ice being washed
through by the water.

The flashboards were designed with handles of a novel form,

as shown in Fig. 197 perspective and Fig. 198 in plan.

Two or three-high flashboards as commonly constructed have
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the pair of handles by which each board is pulled, bolted to the

back side of the board, and with the handles of the top

board nearest the centre, those of the next lower board a few

inches farther out, and so on. All of these handles shorten

the over-fall and seriously obstruct the weir from acting as a

safety overflow. With a flashboard 4^ feet long by 1 foot

deep, which is about as large as one man can pull with a foot or

two of water pouring over its top—and with these boards in

series 3-high—the six handles of ordi-

nary size would obstruct more than one-

third of tlio whole croat-longth, besides

so subdividing it that floating twigs

and other rubbish find lodgment and

cause further obstruction.
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The bandies of the two uppermost of these flashboards

were made of one-inch wrought-iron pipe stiffened by a bar

of Norway iron wekied into its lower end where it was attached

to the board. The handles by which the bottom front boards

pulled were of wood and rested congitudinally against the

tiange of the deck-beam pier. As these were too wide apart for

a man to grasp while lifting with his full strength, the cross bar

was added as shown to the handles of the lowest board. The
tubular iron handles of the two upper boards were bent inward

to a convenient distance, such that the weir attendant can exert

his full strength in lifting, and at the same time the board can

be tipped forward so that the pressure of the water against its

inclined under side eases the lift.

The point to be not3d with special interest is that all the

handles were kept out at the full length of the board so

that the length of overfall was not appreciably shortened by
them.

In point of fact, the carpenters here happened not to consult

the drawings when they reached this stage, but patterned their

handles by the old-fashioned model, and in the hurry to get

through, we changed over only one set of them to the form

designed. Exjjeriments with these show the new form satis-

factory.

The foot board shown in Figs. 194 and 196, is a great aid in

furnishing good standing ground when a flashboard starts hard,

and adds much to the safety of the man.

The steel deck beams were found to present great adapta-

bility for this method of construction, and the two tall, extra

heavy 12-inch beams in front gave very advantageous supports

for the two sets of hoisting rigging, for the drain gate and

the flashboard gate.

In these northern latitudes the writer has found a broad, deep
flashboard, geared with rack and pinion, so that one man could

easily lift or close it quickly and surely, of great advantage

when running out ice and useful if a turbine was temporarily

shut off. We therefore provided here a flashboard gate 7^

feet /- 3 feet in the clear, of 2|-inch pine, with gate-starts at

each end of 3 /' 2 x | inch angle iron, to which cast-iron racks of

|-inch pitch and 25-inch face were bolted. These were lifted by
a 12-tooth pinion coupled on same shaft with a 74-tooth gear

into which a lo-tooth pinion worked, actuated by a hand-crank
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of 15-incli radius. One revolution of the crank lifts the gate

about 2y\ inches, and this gear ratio is found satisfactory in

practice as to power and speed.

The gate for drawing off the canal for repairs was necessarily

large, for the canal was long, the volume of water large, and

Fig. 199.

promptness of action might be needed. The opening is 4 feet

X 7 feet in the clear, and the working head upon the centre

of the gate is about 10 feet. The total pressure of the water
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against the gates is 10 tons, and the pull required to lift it with

40'? friction aud including weight of gate would be 5^ tons and

possibly more if surfaces were left in contact for a year without

motion, rusting together.

In order that this gate may be lifted quicldy by one man,

as a night watchman, it was necessary to avoid the ordinary

waste of power by friction, therefore the trucks shown in Fig.

199 were added. The axle bearings of these trucks are bushed

with brass to prevent rust.

The lever A stands nearly vertical when the gate is closed.

"When it is desired to raise the gate this lever is pulled down
and held under a hook as shown at A'. Through the rod B the

axle of the trucks is turned about ^ of a revolution, and as the

journals of this axle resting upon the gate are eccentric with

the trucks, the trucks are forced in hard against the rails by
this turning of the axle, and the main gate is thereby pushed

off about \ inch from its seat. Sliding friction of the gate against

its seat thenceforth ceases.

The action is much as if we loaded our gate on a wheelbarrow

instead of crudely dragging it along the surface. One man
alone can lift the gate its full height against a full head of

water in about five minutes.

In some experiments made a few days ago by Mr. John
Whitney, master mechanic of the corporation, it was found that

a weight of 33 lbs. hiing from one of the hand cranks when in a

horizontal position, with a lever arm of 15 inches, would lift the

gate when the lever A was pulled down and the trucks in ser-

vice ; but that 145 lbs. weight applied in the same manner was
needed to move the gate with the lever A thrown up and the

trucks therefore out of commission.

A gate of the same area at the Lawrence water power, and
with about the same speed of hoist, when working under 10-foot

head (as, with a canal nearly empty) requires the united strength

of four men to start it, and five or six men sometimes have to

work at one crank.

At this Nashua weir gate provision was made for hanging a
weight of some oO or 40 lbs. from the end of this long lever A,
which would counterpoise very nearly the pressure of the gate
against its seat and therefore continually carry so great a portion
of the load upon the trucks as to make hoisting easy with no
further attention ; but it was found so simple a matter to pull
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down this lever by band and catch its end under a hook as to

render such a counterpoise needless.*

Another means for lessening the great waste of power common
in structures of this kind was a better form of worm. It is

strange to the writer that millwrights will persist iu the use of

cast-iron worms, generally 7 or 8 inches outside diameter, for

1.1, -inch pitch, when the use of smaller diameters will effect so

great a saving.

We cut these worms from a solid steel forging, and made the

diameter the least that theory and experience would sanction.

At the same time we thinned the wrought-steel worm tooth

one-eighth of an inch, and added this to the cast-iron worm wheel

tooth to strengthen it.

The elements of the gearing are

2 main gate-starts—rack teeth 5 inch face, 2^ inch pitch—involute tootli 1^^

inches thick at root.

2 main pinions, 10 teeth 6 inch face, shrouded both ends.

2 worm wlieels, cast-iron cut teeth, 39.8 inches pitch, diani. 84, teeth 3 inches

length (corners clipped).

2 worms cut from forged steel blanks, 3f inches outside diam., 1 j inches pitch.

Fig. 200 is from a photograph taken in the winter of 1893,

showing tlie operation of the waste-weir and the conditions it

has to fulfil in a rigorous climate.

* Although this hoisting apparatus at Nashua has proved very satisfactory,

I consider that for larger gates the eccentric shaft furnisher a less desirable

means for lifting the pressure oiT from the face plates and on to the trucks than

can be obtained by wedge-like depressions at the bottom of the rail into which

the truck falls when the gate is at the bottom, but which as the gate is labori-

ously raised the first inch or two, brings the trucks to a firm bearing on the rail

and transfers to them the load so that it is lifted the rest of the way with ease.

I have made use of this form of device in three more recent designs wliere the

load was to be unusually heavy, and have furthermore provided roller bearings

on the trucks and ball bearings on the worm-shaft, with much advantage.

Perhaps the most interesting example, though not the latest development, is

at the large sluiceways and canal head-gates recently completed from my
designs, at Sewall's Falls on the Merrimack River, above Concord, N. II., at

which gates 10 feet wide x 12 feet high can be operated by the strength of one

man, providing tlie gearing is properly oiled and cared for.

Thc.-^e Sewall's Falls sluiceways and the apparatus connected with them are

described in a paper soon to be published in the Transactions of the American

Society of Civil Engineers.
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The cost of tins waste-weir was approximately as follows

Coffer dam in canal $ 700

Excavation and timber

platform . . 400

Masonry and concrete. . . . 1,500

All iron and steel work on

bopper and throat of

waste-weir penstock.. . . 2,500

Gates, lioisling, gearing

and flash boards 1.000

Total for waste-weir

proper about $5,410

Waste j)enslock 185 feet

long, in place $3,900

Excavation l)ackfillingand

cross walls 500

Total for waste penstock $3,400

Total for weir, waste-

))enstock, and coffer

dam about $9,500
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DLXXXIV.*

A NOTE OX COMPRESSED AIR,

BY FRANK RICHAUIJS, NEW YORK CITY.

(Member of tlie Society.)

In offering the following paper for the consideration of The
American Society of Mechanical Engineers, which embraces in

its membership the ablest of investigators of mechanical effi-

ciencies, it is not intended to challenge minute and exhaustive

criticism, but rather to present the subject in such a way that it

may attract as Avidely as possible the attention of the general

mechanical public. I may be able to make it appsar that the

compressed air practice of the day is not sufficiently advanced

to invite or to warrant the minute and careful analyses which

belong, for instance, to the marine engine, to the pumping en-

gine, or to the locomotive.

I think that compressed air has not received the attention

which it deserves, and that where it has secured some attention

it has not always had fair play. There are many men in these

days, and many intelligent engineers among them, who will not

even consider the claims of compressed air as a means of power
transmission, because their minds have been so filled with the

idea that its use entails enormous losses. That consideration

settles it for them, and that is the libel from which compressed
air suffers, so that it does not get a fair chance even to show
what it can do. It is only another case of giving a dog a bad
name ; and in this case it is a very good dog with a very bad
name. It is the worst kind of a case to set right. It is but
common justice to tell the straight truth in the matter and to

spread it as widely as possible.

The position of compressed air before the mechanical public,

and especially the American mechanical public, has been a

peculiar one all the way through. It has bad no disinterested.

* Presented at the Montreal Meeting (.June, 1894) of the American Society of

Mechanical Engiqeers, and forming part of Volume XV. of the Transactions.
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all-around friends to look after its interests, nor interested ones

either. There have been no men, and still less any company of

men, v/ho have made the application of compressed air their

business and have looked after it. Where is the general com-

pressed air company performing for compressed air such func-

tions as more than one company is performing for electricity ?

and why is there not such a company ? Of the builders of air

compressors not one of them has been, not one of them is to this

day, responsible for the economical application of compressed

air after the comjjression, or apparently cares anything about it.

Where compressed air has been used in this country, and where

any thought has been given to economy in its use, the air com-

pressor, it would seem, has been almost exclusively studied and

talked about. In the progress of tlie steam-engine it has some-

times seemed that the steam-boiler has hardly received its proper

share of attention. In the existing writings upon steam-engine

economy it is probably safe to say that the engine engrosses ten

times as much of the matter as the boiler does. In the case of

compressed air the boiler, or compressor, gets ten times as

much study and discussion as the engine or motor which uses

tho air. There are such vagaries of injustice in civilized com-

munities.

And this impression which has got abroad, of the waste of

power in the use of compressed air, has, curiously enough, been

promoted and disseminated by the air compressor people more

than by anyone else. We may say this with perfect safety, for

it strikes so generally that it hits no one in particular. The

compressed air literature accessible to the general public con-

sists principally of air compressor catalogues. The argument

of the average catalogue runs like this :
" If you are going to

use compressed air for any purpose, look out for the enormous

losses of power to bo encountered and which you are sure

to experience if you doti't buy our compressor." And the result

has been that many have " caught on " to the terrible tale of

the waste of power, and have helped to spread it far and wide.

The argument is of course not maliciously meant, but it has

done more work and somewhat different work from what was

intended.

Fig. 201 tells the whole story of compressed air. The piston

F is fitted to tlie cylinder 7i'so that we may assume it to move

freely and without leakage. The piston being at A , as shown,
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ami the cylinder beiuij; filled witli air at a pressure of one

atmosphere, aud at normal temperature, a sufficient weight is

placed upon the piston to force it down into the cylinder and

compress the air contained in it to a j^ressure of say six atmos-

pheres. The volume being inversely as the pressure, the piston

should go down to C. We find that it actually only goes down
to B, and the reason is that while the air is being comj)ressed

the ojjeration of compression also heats it, and the heat distends

or expands the air, and its volume is consequently considerably

greater than it should be upon the assump-

tion that the volume is always inversely as

the pressure. Supposing both the piston

and the cylinder to be absolute non-con-

ductors of heat, and that the air heated by
the compression loses none of its heat of

compression, then if the weight which

forced the piston down be taken away the

piston will be driven back to its original

position at .1, and tbe air contained in the

cylinder will have resumed its normal

pressure and temperature, and will have

done as much work, or will have exerted as

much force, by its return as was employed
in the act of compression. If while the

piston was at B, and with the weight upon
it sufficient to balance the pressure of six

atmospheres, the air by any means had been ^^^ ~^1-

cooled to its original temperature, the piston would have fallen

to C, and the law that the volume varies inversely as the pres-

sure would have held good, as then the initial and the final tem-

peratures would have been the same. The air being thus cooled

to its original temperature, and the piston being at C\ upon re-

moving the weight from the piston it would return only to D
instead of to A. When the piston arrived at D the pressure of

the air in the cylinder would have fallen to the original pressure

of one atmosphere, and the piston at D would be balanced

between the equal pressures above and below it. As the air is

heated during the operation of compression, so is it equally

cooled during its expansion, and when the piston reaches D
the air in the cylinder is then at atmosplieric pressure, because

it is then much colder than it was at the beginning ; and it is
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solel}^ because of this loss of heat that the pressure falls so early,

and that the piston does not return to A where it started from.

If while the piston is at D the air can ^y any means recover all

the heat which it has lost, the piston wall return to A as before.

The distance DA compared with CA represents the total pos-

sible theoretical loss of power in the compression and the re-

expansion of air.

We may now consider the practical aspect of the case. And,

beginning at the very beginning, with the practical compression

of the air, we cannot but notice how readily the air lends itself

to economy in its use. By the way in which it is possible to

connect the air-compressing cylinder with the steam-engine in

the best air compressors of the present day, no power is lost in

operating the piston of the compressing cylinder; or, stated more

accurately, the entire friction of the air-compressing apparatus

is so compensated for by the saving of friction in the engine that

it is not only reduced to zero but it becomes a negative quantity

of considerable magnitude. This may be proved by incontro-

vertible evidence. The air compressor, it will be noted, com-

prises a complete steam engine, Avitli all its component ojierating

parts, steam piston, crosshead, connecting-rod, crank-pin, crank-

shaft, complete valve motion, etc., and in addition to these there

is the air piston to operate, and it is natural enough to suppose

that the operating of the air piston puts just so much additional

friction upon the engine, with a call for so much more power to

overcome it. But the arrangement of the air piston in a straight

line and upon the same rod with the steam piston saves enough

from the friction of the engine proper to more than compensate

for the friction of the air piston, and the operating of the air

piston costs practically " less than nothing." In a regular

stationary engine which transmits its whole pow^er through the

crank shaft, and by its driving pulley, gears, or otherwise,

wherever it may be wanted, the whole power exerted is felt in

friction upon the crosshead slides, connecting-rod boxes, crank-

pin, main bearings, etc. In the air compressor most of the power

of the steam-engine is transmitted directly from the steam piston

to the air piston without the intervention of the engine friction.

Not only is the effective steam pressure so immediately trans-

mitted, but the force due to the inertia of the reciprocating parts,

especially the heavy crosshead which is usually employed, is

sent directly to the air piston through its piston-rod.
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The losses due to the friction of the oreliuary stationary steam-

engine usually amount to 10 or 12;r of the indicatetl horse power.

In an Ingersoll-Sergeaut air compressor exhibited at Chicago,

with engines of the Corliss type, the mean friction, as deter-

mined by Professor Jacobus, was 5 r' , so that, crediting the saving

of friction to the air cylinders, the friction cost for operating

them was —5 to — 7'r.

The diagram, Fig. 202, scale 40, is intended to show the practi-

cal possibilities in the use of compressed air at 75 lbs. gauge, or

six atmospheres. The line a h is the adiabatic compression line,

or the line of compression, assuming that no heat is taken away
from or lost by the air during the compression. The initial

temperature of the air being 60^, the final temperature would be

Fig. 202.

about 415^, and the final volume is .28 of the initial volume. The
line a c is the isothermal compression line, which assumes that

all the heat of compression is got rid of just when it is produced,

or that the air throughout the compression remains constantly

at its initial temperature. The final volume in this case is .1666

of the initial volume. Remembering that these lines, a h and «<?,

represent the compression of the same initial volume of air, it is

evident that there is quite a difference in the power employed
in the two cases, and herein lies the loss, or the possibility of

loss, of power in the operation of compression. The mean effect-

44
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ive pressure, or resistance, of the air for the stroke on the adia-

batic line a b I is 35.36, while the mean effective pressure for

the isothermal line a c I is but 27, or only 76^ of the former.

The comparison should, however, be made the other way. The
adiabatic mean effective pressure is 130^ of the isothermal mean
effective pressure, and the 30fo is, of course, the additional, or, as

we might say, unnecessary, power employed. Neither of these

lines, a h or ac, is possible in practice. Air cannot be compressed

without losing some of its heat during compression, so that the

actual compression line must always fall within the line a b. On
the other hand, it is equally impossible to abstract all the heat

from the air coincidently with the production of that heat, so

that the actual compression line must always fall outside the

line a c. The best air compressor practice of to-day is very near

the line a o, or the mean of the adiabatic and the isothermal

lines. The actual line is generally outside of this, and seldom

inside of it. It would be impossible to produce a line exactly

coincident with this in practice. If we produced a line giving the

same mean effective pressure as a o, it would probably run above

a for the first half of the stroke and perhaps a little below it at

the last. If the compression were "compound," or done in two

cylinders, there would, of course, be a break in the continuity of

the curve. The mean effective pressure for the line a ol is about

31.5, or still nearly ll/o in excess of the mean effective pressure

for the line acl. As this is for what must be considered excep-

tionally good practice, the loss of power for the average practice

in air compression may be put at 20;^. Lest some impatient

ones should drop the subject here, or lest some rival of com-

pressed air should pick up this and run away with it, we miglit

insert a reminder here that all this loss is not necessarily final.

It is proper to compare the actual compression line aol with

the ideal isothermal line a c 1, because the volume c I is the vol-

ume available when the air is put to use. Though at the com-

pletion of the compression stroke there is always some of the

heat of compression remaining in the air, and its volume is

greater than c, I, that heat is always lost in the transmission or

the storage of the air, and the available volume is never practi-

cally above c ?.

After the air has been compressed, and before it is put to use,

it is usually transmitted through ])ipoH for some distance, and the

friction of the air in its passage through the pipe naturally causes
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some loss of pressure. Here again the air-compressor people

have—unwittingly, we will say—done more harm than good as

regards the interests of compressed air. Formidable tables are

in all the air compressor catalogues, showing the loss of pressure

due to the friction of air in pipes, and timid investors, seeing

them, have another fright. The tables are not dangerous, and

are not published primarily for the purpose of frightening people

away. They are only intended to suggest the size of pipe most

suitable for any given case of transmission. If they tell us truly

of the loss of pressure they still fail to tell us that the loss of

pressure is not necessarily, or to the same extent, a loss of power.

The actual truth is that there is very little loss of power through

the transmission of compressed air through proper pipes to a

reasonable distance, and the reasonable distance is not a short

one. With pipes of proper size and in good condition, air may
be transmitted, say, ten miles, with a loss of pressure of less

than 1 lb. per mile. If the air were at 80 lbs. gauge, or 95 lbs.

absolute, upon entering the pipe, and 70 lbs. gauge, or 85 lbs.

absolute, at the other end, there would be a loss of a little more
than 10'^ in absolute pressure, but at the same time there would
be an increase of volume of ll'^ to compensate for the loss of

pressure, and the loss of available power would be less than Sfo.

This illustration is only offered as a simple and convenient one,

and not as a sample of the best practice. With higher pressures

still more favorable results could be shown.

Having compressed the air and conveyed it to the point where

we wish to use it, we may turn again to Fig. 202 and see what we
will be able to do with it. The air may be used in various ways
with widely different economic results. Having the volume c /,

and using it in a cylinder of suitable capacity, cutting off so as

to expand down to one atmosj^here before release, the adiabatic

line or the lowest expansion line that the air could make would
be the line c d, and the total loss in the use of the air, as com-
pared with the power cost of compressing it, would be the differ-

ence between the areas aolh. and Icdli, the latter being 66^
of the former. The temperature of the air at r, where the

expansion begins, being assumed to be 60^, the cooling of the

air which always accompanies its expansion will bring the

temperature far down the scale when d is reached, d l)eing, of

cour.se, the end of the cylinder wherein the expansion takes

place. The theoretical temperature of the air at the end of the



692 A NOTE ON COMPRESSKD AIR.

stroke would be about— 150^. The actual temperature is never

found as low as the theoretical temperature, because the air

receives heat from the cylinder and the walls of the passages

with which it comes in contact, but it is usually still cold enough

to cause serious inconvenience in practice, and unless some

remedy be devised, this cooling of the air is fatal to its employ-

ment, entirely regardless of the economy of the case. The air

almost invariably contains moisture, the amount varying with

the surrounding meteorological conditions, and as the air becomes

attenuated and so intensely cold the water in the air is rapidly

deposited and frozen in the passages, and soon chokes them up
and stops the operation of the engine. So it is useless to try to

use compressed air generally, and with general satisfaction, with-

out some means of heating the air immediately before it is set

to do its work. For some purposes the air may be and is con-

stantly used without reheating. Hoisting, when done directly,

and not by means of a hoisting engine, is, from its intermittent

character, not likely to exhibit the freezing phenomenon. Besides

the intermittent action of the hoist, giving time for the parts

mostly to recover their temperature between the successive

hoists, the use of the air in direct hoists is not accompanied with

the expansion of the air in the cylinder before its discharge,

which expansion, where it exists, is productive of such intense

cold. There is occasionally some trouble about operating rock

drills on account of their freezing up, but not very often. They are

more or less intermittent in their action ; they do not generally

use the air with much expansion in the cylinder, and the'exhaust

is sharp and heav3^ Many steam pumps are now run by

compressed air without its being reheated, never with proper

economy, but without their passages freezing up. They gener-

ally use low pressures of air, say 20 or 25 lbs., in a great many
cases, and they carry a nearly uniform pressure for the whole

stroke, so that if there is any trouble about their freezing up it

is in the exhaust passage after the air has done its work, and

jets of water or some other means of supplying a little necessary

heat are sufficient to keep them going. The reheating of the

air, where practised, not only brings us out of our trouble about

tlie freezing up of the parts, but it increases the volume of the

air and its consequent available power at a very slight expense

for the heating. If the volume of air cl, being now at (10^, be

passed through a suitable heater and its temperature raised to
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3<M)\ its volume will then bo /7, instead of cl, or .2434 instead of

.1660, an increase of volnme of about 50;^^. In practice, to insure

a temperature of 300" in the cylinder at the beginning of the

expansion, it will be necessary to heat the air considerably above

that temperature, say to 400", as the air loses its heat very

rapidly. If now we use this air by filling the cylinder to ^

and then expanding down to e, supposing the temperature at i

to be 300 , the theoretical final temperature will be about zero.

The actual temperature, it is pretty certain, will not be below

the freezing point, and all our trouble about the freezing of the

passages will have disappeared, and the power realized will have

been much increased. The use of the reheater being so obviously

a necessity we naturally should find it, in various styles, occupy-

ing a prominent place in the catalogues of the air-compressor

people. Actually and unnaturally, we do not find such a heater

in any catalogue, to my knowledge.

As to the cost of reheating the air, it is scarcely within the

scope and purpose of this paper to offer any precise data. Such
data are easily accessible to any who wish to investigate the

subject. I may say, however, that a greater mechanical effect is

realized from heat applied to the reheating of compressed air

than from any other known application of it, which considera-

tion should urge us to extend its most economical use. There

are many purposes, as, for instance, mining and all subterranean

operations, where compressed air already rmist be used, regard-

less of all considerations of economy. There are many others,

as, for instance, general hoisting work, where it already ^a^/s to

use compressed air. The extension of its use to the general

purposes for which the steam-engine, the gas-engine, or the

electric motor are used is distinctly waiting for the general in-

troduction of cheap, efficient, and, above all, " handy " means of

reheating the air.

It is quite practicable, by effective cooling of the air during

its compression and by reheating it before its re-expansion, to

bring the expansion line, i c, to enclose an area not less than that

enclosed by the compression line a o, and then the entire losses

will be those attributable to the clearances and to friction.

In practice 86'^ of the initial power has already been realized

after transmitting the air to considerable distances.

It was remarked above that the air after compression and
transmission might be employed with widely different economic
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results. As an instance of how not to do it, I might cite the

case, of too frequent occurrence, where air is delivered to a mine

for operating rock-drills and other mining machinery, and then

air is taken from the same line for operating a pump. This

practice would be all right if the pump were adapted to the

work to be done and to the pressure of air carried. The pump,

however, is generally a common direct-acting steam-pump, which

has been obtained without any reference to the economical use

of air. As it has probably already been run by steam, or is de-

signed to be run by steam, it calls for a low operating pressure

;

this being a necessity on account of the condensation of the

steam when transmitted through long pipes. Say that the com-

pressed air pipe carries 75 lbs. pressure while the pump only

requires 25 lbs. It would be an advantage, in a case like this, to

use a pressure reducer in the pipe at a considerable distance

from the pump, so that the expansion to the lower pressure

required might take place, and the air have an opportunity to

recover its temperature and volume before going into the pump.
This, however, is seldom attended to, and the required reduction

of pressure is effected entirely by the throttle at the instant of

admission. The available power, then, when the air is so era-

ployed, will be represented by the areapmwA as compared

with the area ablh, or, at the best, a ol h, representing the

power that was expended in compressing the air. Then, if we
deduct the losses attributable to the useless fillinor of the large

clearances of the common steam-pump and to the leakages which

are an universal accompaniment of general loose practice, and

consider also the freezing up of the pump which is almost inevi-

table in such a case, it is little wonder that compressed air is

held in little respect. Under circumstances far from the most

unfavorable I have found pumps realizing only '[^'^v of the power

expended at the compressor, and I have no doubt that there are

many pumps being operated, or whose operation is attempted,

where not more than 10% of the original power is realized ; and

even then, when the use of comprossod air for operating such

pumps is condemned, it is because the pumps freeze up and will

not go, rather than on account of the enormous waste of jiower.

From the fact that the duty of a mining pump is a nearly con-

stant quantity, the j)ump, if properly proportioned and adapted

to its work, should b(^ an efficient missionary for compressed air

rather than its most mali<inant traducer.
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The vrord " loss," which we have been using in connection with

this subject, is a somewhat incorrect and misleading one. The

use of compressed air is for the accomplishment of a desirable

purpose, and it is not to be expected that such a purpose can be

effected for nothing. The transmission of power is as much to

be paid for as the generation of the power. Where water-power

is used the means of transmission may be the principal item of

cost. Where the difference between the power expended and

the power realized is not excessive, that difference is simply a

fair price paid for a good service rendered, and there is no loss

about it Where losses do occur in the use of compressed air,

they are like the losses which occur in business, and which cut

short many a brilliant career. Power is lost simply because it is

not saved, and the means of saving are not hard to find nor far to

seek. The losses are not necessary nor unavoidable nor with-

out compensation. It is a failure to understand and appreciate

this situation which impedes the progress of compressed air.

There is a view of this question of compressed air economy
which makes it appear somewhat absurd. It is quite possible,

as we have seen, to realize from our motor 80 or 85fo of the

power received at the air-compressing cylinder. In comparison

with this what kind of a model of economy is the steam-engine

which is in such universal use ? The consumption of water for

supplying steam-engines ranges from, say, 12 lbs. per horse-power

per hour up to 50 lbs., and away above that, and the consump-

tion of coal per horse pov/er per hour from, say. 1 j lbs. up to 8

or 10 lbs. One may stand in any city or large town in the

country, and within a mile of him may be found an engine and

boiler using over 400;« of the coal per horse-power per hour
which is used in the best engines, yet nobody goes around

whining about the enormous loss of power in the use of the steam-

engine, or tries to discourage anybody from using it, or even seri-

ously tries to promote a better efficiency. It is probable that the

air-compressing cylinders of the principal builders of compres-

sors do not vary more than 10^ in the economy of 'their com-
pression. I would hesitate long—and then, of course, refuse

—

to say that the economy of the steam end of the same compres-

sors showed no more difference than that. To be as explicit as

is prudent, I would say that my list of " principal builders
"

does not exceed four in number.
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DISCUSSION.

Prof. D. S. Jacobus.—The author of the paper just read calls

attention to the fact that in the use of compressed air for motive

power purposes the reheater adds greatly to the work developed.

A short time ago the question arose as to the effect of passing

the air through a mass of hot water to perform such heating, as

is done in the Mekarski and Hardie compressed air street-car

motors. When this is done a portion of the water is evaporated,

and the steam thus mingled with the compressed air does work

in the motor cylinder. It Avas found that for the average condi-

tions, shown by tests of the Hardie motor on the Second Avenue

Railroad in New York City, where air was admitted to the motor

at 120 lbs. pressure above the atmosphere, that the water evap-

orated into steam did over one-third of the work. In other words.

if dry air were brought to the temperature of the hot water the

work done would be less than two-thirds that for the moist air.

In this case a trifle over one quarter of a pound of water was

evaporated per pound of air.

If the maximum rate of evaporation of water shown in the tests

of the Hardie motor was maintained, or about oTie-half of a pound

per pound of air, the work done by the moist air would be twice

that for dry air admitted to the motors at the same temperature.

The effect of the presence of moisture is to increase the volume

of the working fluid entering the cylinder, and to maintain a

higher temperature daring expansion than that which would

occur with dry air. Both of these eftects tend to increase the

work developed per pound of air. Calculations have been m<ide

to show the temperatures of the exhaust for dilTerent temperatures

of the hot-water bath, and for various amounts of water evapo-

rated. The relative amounts of water and air storage on street-

car motors for the best commercial results have also been esti-

mated, together with the distance that motors will travel under

given sets of conditions.

The entire subject will probably form a paper to be presented

at a later date.

Mr. C. 0. lJeg<jem.—Compre8S(ul air as a power transmission

has been in use at the works of Ilussell & Co., Massillon, Ohio,

for the last six or seven years, beginning with a 600 lb. hoist and

increasing from day to da)'^ until at present there are in oi)eration

2G five-ton cranes, one cupola stock elevator, and a largo nranber
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of small hoists, varying from 400 to 1,000 lbs. capacity. Shears

and ]iuuches iu the boiler shop, where, out of the way of the line

shafting, are being operated by compressed air. The accompany-

ing print CFig. 203) shows the style of crane aTid one form of shear

as apphed, cutting off the stub ends of stay bolts iu locomotive



698 A NOTE ON COMPRESSED AIR.

boilers. Here, by the aid of compressed air, two boys may cut

off 700 to 800 stay bolts a day, which is far in excess of what

could be accomplished with hammer and chisel as formerly used.

It is in the foundry that compressed air is more especially of

service, as its elastic action makes it very convenient in drawing

patterns, closing flasks, etc.

The air is supplied by three compressors

:

One 10 X 13 belt-driven Clayton.

One 7.^ X 7 duplex steam-driven Clayton.

And a smaller steam-driven Knowles.

The belted compressor is run constantl}- during the working

hours, and supplies the most of the air required.

The steam-driven Clayton is set to start whenever the air

pressure falls below 60 lbs., and, consequently, acts simply as an

assistant to the other compressor.

Tlie Knowles is kept as a reserve in case of breakdown.

The air is stored in three reservoirs of 250 cubic feet capacity

each, and these reservoirs are placed in such localities of the

works where the greatest amount of air pressure is required.

Owing to the intermittent use of the air, these comparatively

small compressors are able to furnish a sufficient amount and at

a cost of something like $3 per day of ten hours.

The piping aggregates about 2,500 ft., and is 2.| inch in the

main line, with 1.^ and Ij inch branches.

Two of the reservoirs are about 1,000 ft. apart, but the pressure

in each, as shown hy the gauge, is the same.

In laying pipe for compressed air in the -ground, care should

be taken to go pretty deep in order to insure immunity from

frost, as pipes have been known to freeze in this climate two feet

below the surface. •

Prof. I). S. Jacobus.—In Mr. llichards' interesting discussion of

the possibilities of compressed air as a means of transmitting

i)ower to motors, there is one statement to the effect that there is

no company in the United States which makes a biisiness of

applying compressed air, to which I wish to take exception.

Those of us who are engaged in sewerage work are acquainted

with just such a concern, the Hydro-Pneumatic Sewerage and

AVater Supply Company ; and visitors to the Columbian Exposi-

tion last year had an opportunity of seeing twenty-six of its

sewage ejectors or pumps working by compressed air, which

handled daily a quantity of sewage equivalent to that of a city
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of from 100,000 to ntOO.OOO populatiou, according to the atteucl-

rtiice. As few mechanical engineers follow sewerage work closely,

it may not be out of place to state that these ejectors are auto-

matic devices used in flat places for pumping sewage or water.

In such localities it is often difl&cult to construct gravity sewers of

any considerable length, owing to the fact that the trenches soon

reach such an excess^ive depth that the work is difficult and it is

hard to dischai-ge the sewage convenient!}-. In such cases eject-

ors are employed. The sewage is collected in a number of con-

venient places from which it is forced in a series of pulsations

into main sewers at a higher level. The compressed air for

operating the ejectors is supplied through small iron pipes from a

single compressor station, often located in the pumping station

of the local water-works.

Such appliances are necessarily small ; at the Columbian Ex-

position the capacity of the ejectors was from 60 to 600 gallons

a minute. High efficiences are not to be expected, therefore,

and those obtained appear very creditable when it is recalled

that the liquid pumped is generally unscreened sewage. At
Lowestoft, England, some tests made by Prof. W. C. Unwin
on a small plant showed an efficiency of nearly 49 per cent.

from the steam end of the compressors to the discharge pipe

of the ejectors. At Rangoon, under very unfavorable circum-

stances, a plant having twenty-five ejector stations and seven

miles of air pijies showed an efficiency of 33 per cent., although

the quantity of sewage handled was so light as to make the

test of little value except as an indication of what such apparatus

is good for under exceptionally poor conditions. Nevertheless.

these figures comj^are prettj' well with those of the pumps of 15

per cent, efficiency mentioned by Mr. Bichards, and show that a

careful study of all the conditions has enabled compressed air to

be used with fair economy, as well as entire sanitary success, in

pumping a liquid which is particularly difficult to handle.

Mr. Frank Cawley.—In view of the close study which the

author of this paper has given to the subject, as well as the

opportunities which he has had at command for observation, I had

hoped that he would go more fully into the economic use of com-

pressed air. That air may Vje used with economy for certain pur-

poses, as compared with other power transmission mediums, I am
positive, yet T have never had an opportunity of experimenting in

this line.
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One of the hardest battles to be fought in selling air-compress-

ing machinery is to overcome the prevalent notion that air is un-

avoidably a very expensive medium to use, on account of losses.

Singularly enough, these losses are almost always credited to

friction in pipes, which Mr, Richards has rightly shown to be so

small a source of loss as to be almost unnoticeable.

That, as usually operated, compressed-air plants are expensive,

we must admit; but it is for this very reason that we invite

intelligent discussion to the subject, that the methods may be

improved.

The author has shown that with average practice the heat and

other losses during compression absorb about 20^ of the power

supplied to the piston of the compressing cylinder. This may be

termed the cost of transformation, and as compared with the

transformation of hydraulic, caloric, wind, or any other form of

energy, into a new form of energy, as rotation of a shaft, for

instance, is a favorable result. Few turbines are delivering to

their shafts over 70^ of the calculated power of the water which

passes them ; in the double transformation from coal to steam,

and from steam to rotation of the engine shaft, the heat units lost

are far in excess of those transformed into useful work. Finally,

few electricians will guarantee more than 70-75^ under average

running of the power delivered to the dynamo puUe}' transformed

into electric energy, ready to be applied to any work to which it

is suited.

This 20^, good as it may be, is not final ; for by the use of more

expensive machinery—expense caused principally by machinery

being of greater capacity—the air may be compressed more

slowly and be more ititimately brought into contact with cooling-

agents, which will prevent a rise of temperature and consequent

expansion. Cases also may come up—I have already had a

very important one—in which the compressor is oj)erated by

water-power, and within 100 feet of tlie engines to be operated.

Here we should let the heat form and jacket our receivers, pipes,

etc. to retain it until the engine is i-eached.

The saving to be gained at this end, however, is small as com-

pared with that at the motors themselves. These for comi)rossed

air are usually engines and pum})s which have been worn out and
" scrapped " under steam, and even though new are entirely uii-

suited to the economical use of compressed air or steam either.

No one would think of comparing an ordinary boiler feed pump,
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as resranls economy in steam consumption, with a compound

Corliss condensing engine, nor should we expect air to make that

same pump yield a greater efficiency than it did with steam

against the above high-class engine.

For rock drills and percussive coal mining machines we cannot

expect nuicli change, for, as in locomotive practice, there are so

many considerations calling for large power in small space, and

with liglit weight, that economy is out of the question.

For all pumps and all engines for haulage, hoisting, or other

mining or general })urposes, air can be and is used with economy.

There is no reason—even explosive gas in a mine not always to be

excepted—why the air should not be doubled in volume by the

addition of heat. There is no reason why this increased volume

should not be expanded in a compound engine, or pump, to the

atmosphere, and thus could we, with a very small expense for fuel

for reheating, realize a handsome return for the power supplied

the air piston of our compressor.

To illustrate how badly air is treated I will describe one plant

to which I was sent to " make it go," after the trial run had

failed.

The compressor I had changed from a 16-inch straight line to

a 20-inch Avitli the original 16-inch steam end, etc. It had been

set about 80 feet from the boiler, to which it was connected with

a 3-inch steam pipe, uncovered throughout its whole length. To
make matters worse^at about 25 feet from the boiler a 2-inch pipe

was taken out of our main and led 75 or 100 feet away to a hoist-

ing engine which moved from 800 to 1,000 tons of coal a day up
the slopes in the mine. Steam on boilers, 60 lbs. and often 45 lbs.

A 3-inch main led into the mine to the first pump, 1,800 feet

from the surface ; thence 2|-inch, to a second pump, 2,500 feet

from the surface; and finally, 2-inch, to a third pump and to

the mining machines, 3,600 feet from the surface.

The first pump was an 18-inch x 9-inch x 21:-inch "Knowles"
previously operated by steam, with the exhaust turned into the

suction, as were the other two pumps.

The duty of the fii-st pump was to force the water from old

workings and from two low&r pumps, to the Cornish pumps
which raised it to the surface. When the pump was standing, the

pressure in the discharge pipe was 25 lbs. ; but when in operation

at the usual speed required to get water out in two eight-hour

shifts, the pressure was 55 lbs. The discharge pipe was only 5
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inches for a 9-inch plungei* travelling 160 to ISO feet per minute.

These data were given me by the superintendent, who was a very

thorough man, and I did not deem it necessary to verify them.

The exhaust, of course, was turned into the open air of the pump
room, and the pump started. Its condition was then found to be

as follows : ^-inch liners had to be placed under the adjusting

blocks at the ends of the rocker, in order to secure full and clear

exhaust ; a ^-inch pipe connected the ends of the 18-inch cylinder,

allowing air to blow through it from one end to the other, causing

both back pressure and direct loss of air. The gasket under the

valve chest had been blown out no one knows how long, between

the live steam compartment and the Ij-inch square exhaust ports

to the ends of the valve, making an opening at each end over this

bridge of 2 inches by -^^ i"ch for air to waste. The pressure on

the mains was supposed to be from GO to 70 lbs. on account of the

mining machines below ; but this pump, witli 55 lbs. on a 9-inch

plunger, required but l-t lbs. plus friction requirement on air piston,

lience we had to throttle to this extent. The other pumps were

respectively a 10 x 5^ x 12 Cameron, with bad valves, and 50 lbs.

water when running, with 10 lbs. standing, and a 12 x 5^ x 12

fly-wheel—slide valve pump of home construction, with 25 lbs.

water running and 10 lbs. standing.

The points wdiich 1 wish to emphasize here are the bad contlitions

under which everything had been expected to run. The com-

pressor with a feed ])ipe an inch too small, naketl and robbed of

half its steam for other purposes; the air ])ipe to the mine 3 inches

instead of 4 inches; i)ump No. 1 with its valve gear out of order,

a gasket blown out, and a half-inch pipe circulating air fioni one

end of the cylinder to the other
;
pump No. 2 with oxlroniely

bad valves and seats ; and all pumps working ;;gainst heatis from

twice to five times what their duty called for had the j)roper tlis-

charge pipes been used, and the extent to which air had to be

throttled for all.

The agent who sold this compressor was on new gi-ound in an

isolated disti'ict, and by paying more attention to wild promises

than to the idea of successfully and satisfactorily fuUilling them,

managed to disj)ose of three plants of machinery in this district,

all of which gave trouble because no regard had been })aid to

desioninir or arranirino; the machinery for the work to be done.

The plant just described might have been made an ideal one,

for the inine was perfectly free from gas, and the pipes were in a
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cuiitiiiuous run in one of thi'ee slopes, the pipe slope, the main

slope, and the air or man way. The management ol' the mine was

very progressive, anil at that time woukl have listened to a plan

for a ivpresentative plant ; but, as is too often the case, the agent

w;is a salesman ami not an engineer, and his company were satis-

lied to have him sell their machinery, letting the purchaser place

it and run it to suit himself. Unfortunately for them, however,

the above agent always made a whole lot of ver}' difficult and

sometimes impossible guarantees, which they were expected to

make good.

That all plants where compressed air is used are as badly

arranged as this, is perhaps too strong, but it is safe to say that the

greater number of them are far from what they should be ; and if

these discussions can start investigation and experiment among
those who have the facilities, and lead to a paper on the " Eco-

nomic use of Compressed Air," the object of the writer in present-

ing this discussion will be fulfilled.

Mr. Frank Richards.^'—I am glad to have opened to Professor

Jacobus the opportunit}* of mentioning the application of com-

pressed air to sewage disposal. I am aware that there are com-

panies who midertake certain specific applications of compressed

air, such as the Sewage and Water Supply Company mentioned,

the Pohle Air Lift Pump Company, the Union Switch and Signal

Company, the American Pneumatic Tool Company-, and manj-

others, each offering an apparatus applying compressed air to a

single purpose. Still my assertion holds good that there is no

company which undertakes to look after and promote the general

application of compressed air and to furnish the variety of ap-

pliances required.

It is to be noted that thus far in this country the various

established uses of compressed air are of such a character that

the question of power economy scarcely applies. Air as yet is

little used in motors which take the place of small steam engines,

and where the economy of transmission can be computed inde-

pendently of other considerations. Air is used in mining, tunnel-

ling, caisson work, etc., simply because it must be used for such

purposes whatever its cost. Air is now largely used in railroad

shops for a wide variety of purposes, simi)ly because there «re

air-brake pumps lying around or easy to be obtained to furnish

Author's Closure, under the Rules.
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the air, and if economy were very much considered we may be

sm-e that some of those pumps would be replaced by good air

compressors.

In the interesting statement by Mr. Heggem of the multi-

farious use of compressed air in the works of Russell & Co. it

is manifestly impossible to compute the power economy of the

individual lifts and other machines operated, but the simple

fact of their operation costing but $3 per day shows the saving

effected in the cost of running the shop, whether the power

economy were good or bad. It remains always to be said, that,

whatever purpose the air is used for, the economy of power in

the compression of it may be properly considered, because

any saving there is of necessity a cheapening of the cost of

operation.
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DLXXXV.*

POTTER LOSSES AV THE TRANSMISSION MACHINERY
OF CENTRAL STATIONS.

BY WM. S. ALDRICH, MORGANTOWN, W. VA.

(Member of the Society.)

This paper had its unexpected origin in correspondence with

the Secretary of the Society after Volume XIV. of the Transac-

tions had been completed. It was deemed advisable to add some

memoranda on the subject of power losses in the transmission

machinery of central stations, which had come within the

author's experience, and some of which were incompletely

referred to in the discussion of Paper No. DXLVI., on the

" Performance of Street Railway Power Plants," presented at

Chicago meeting (July, 1893), by Messrs. Wm. A. Pike and T.

W. Hugo.

The contents of the present paper are outlined below :

(1) A revision of the author's discussion of Paper No.

DXLVL
(2 1 An analysis of Paper No. DXLVL, with reference to the

power losses in the transmission machinery.

(3) A memorandum of the power losses in a turbine plant for

an electric railway.

(4) A memorandum of the powar losses in a cable plant.

(5j Results of some tests to detsrmine the power losses, in

transmitting through a countershaft.

il) REVISED niSCUSSION OF PAPER NO. DXLVI.

Table XVL, page 1146, Vol. XIV., of the Transactions of this

Society, of the combined horse-powers of the St. Paul Test,

No. 2, from cards taken every ten minutes, cannot possibly

show the real variations of power in an electric railway plant.

The frictional losses in the transmission machinery are best

* Pref»ented at the Montreal meeting (June, 1804) cf ihe American Society
of Meclianical Engineers, and forming part of Volume XV. of the Trans-
actions.
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determined by special tests, before or after tlie regular run,

having this one object in view. In this way the losses in the

engine, transmission machinery, shafting and empty cables were

determined in a joint test of a cable railway plant, made by Mr.

Hermann S. Hering and the author.

It is that which leads me to consider the statement made on

pages 1099-1100, regarding the loss in friction as obtained by

taking the difference between the mechanical and electrical

horse-power. It is true that such is the usual method pursued.

In a joint test of an electric railroad, made in 1891, by Mr. Her-

mann S. Hering and the author, they found that it was impossible

to arrive at any satisfactory conclusion as to what became of the

motive power generated to drive the dynamos, when throwing

the load on and off again as quickly as it is done in an electric

railroad. At times there would be as much as 40 H. P. unac-

counted for; that is, for a few seconds the dynamo output would

fall more than 80 H. P. below the then delivered turbine horse-

power; while, at other times, the horse-power delivered by the

turbines and the dynamos would be equal. Under light load

conditions, which remained steady for about two minutes at one

portion of the run, the actual difference between the turbine

horse-power and dynamo horse-power, delivered, was 43.8. All

at once, while the turbines were decreasing their output, there

would be 50 or 60 H. P. thrown off or on the dynamos, and the

turbine gates would keep on closing. At other times, the same

thing would happen while the turbines were increasing their

output, and the turbine gates would keep on opening, causing

the difference of power between that delivered by the turbines

and that delivered by the dynamos to the line to run enor-

mously high ; the maximum difference so observed was 140 H. P.,

or almost 100 H. P. in excess of that lost in the transmission

machinery and dynamo.

Between these extremes one can readily see that the trans-

mission machinery acts in the way of a fly-wheel, storing up tlie

excess of energy on the one hand, and giving out part of its stored

energy during a deficiency on the other hand. Tliese great dif-

ferences of power exist only for a few seconds. The dynamo

load does not go down or up to a definite point and stay there,

so permitting the turbine to settle to its new load ; but, while

the turbines are seeking to adjust themselves to the new require-

ments, the dynamo load has either gone farther in the same
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direction, or immediately changed about to the opposite con-

dition. "We took the ground that these gross irreguhirities were

largely inherent in a turbine plant.

In writing our report on this test for the Ele-trical World (May
28 to eTuly 30, 1892\ we stated that steam-engines would not be

at all likely to show the same results of great excesses and de-

ficiencies of output, while the dynamo load continued to vary in

its characteristic fashion for street railway purposes. We are

greatly surprised, therefore, to find that the tests of Messrs.

Pike and Hugo, on the Corliss engines of the Minneapolis and

St. Paul electric railway plants, do show up mucli the same as

in our turbine tests referred to. They even note that, when
lightly loaded, the difference between the engine and dynamo
output is minus, showing that the dynamos are delivering more
power than the engine, similar to the case we have cited for the

turbine plant. "While they believe this peculiarity to be due to

imperfect (better, tardy regulation) we think it is due almost

entirely to the fly-wheel action of the transmission machinery.

"We took the ground that a steam-engine ought to be able to reg-

ulate itself more quickly and closely than a turbine, on account

of the elastic nature of the working fluid. Probably it would,

if it did not have such a drag upon it as heavy transmission

machinery and countershafting, in addition to being driven by
an incompressible working fluid.

Steam-engines are supposed to be capable of closer and more
accurate regulation than turbines, by reason of this very different

nature of the working fluid employed. The regulation test of

the high-speed automatic engines, noted on page 1116, shows
that from a very heavy load to a mere friction load the engine

regulated in four revolutions, or one second of time. It is

believed that still quicker regulation will come to be the ordinary

practice in high-speed automatic engines.

Now, I think it is a very important point to bear in mind that

a high-speed automatic engine may be made to meet the rapidly

changing loads in an electrical power plant with an almost
equal economy. If we take the two papers presented at this

meeting—the Laketon test of a triple expansion pumping
engine, in which the load is quite uniform ; and the present

test of electric railway engines, in which the loads are very

irregular—we find much food for thought.

The main point which I wished to bring out in this discussion
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is that the high-speed automatic engine, directly connected (or

better, directly coupled), is best adapted to meet the sudden

and very great variations in electric power plants, while the well-

known type of Corliss engine seems best adapted to steady

loads.

(2) ANALYSIS OF PAPER NO. DXLVI, WTCTH REFERENCE TO THE

POWER LOSSES IN THE TRANSMISSION MACHINERY.

Table I., following, contains a brief presentation of the prin-

cipal figures in this connection, from the paper under discus-

sion. It is quite important to notice the increase of frictional

losses in the St. Paul Test, No. 2, in which the power is trans-

mitted to the dynamos, through the friction clutches on the

counter-shaft. It is probable that there is great frictional loss

in the use of certain forms of friction clutches, or in old and

ineffective parts. In this connection, also, it is to be especially
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Fig. 20i.— Plot of the Diffi-iences between Meclianical and Electrical Horse-

Powers, for the Minneapolis Te.'-t, No. 1.

noted that this No. 2 test was one in which there were belt

tighteners used. No doubt a great loss may be accounted for

here, also. Both of these causes may have operated to raise

the per cent, friction from 12.10 of No. 1, to 17.40 of the No. 2,

as tabulated.

Fig. 204 contains a plot of the differences between the mechan-
ical and electrical hors3 powers, of Fig. ;^87, opposite page

1098, as given by Messrs. Pike and Hugo for the Minneapolis
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Test. No. 1. The characteristic variations are to be especially

noted ; sometimes the mechanical is in excess, sometimes the

electrical. The dotted horizontal line shows the mean value of

this difference—the value given on page 1097. for the mean loss

by friction, of 14l>.9 H. P., and as given in Table I, for this test.

TABLE L

ANALYSIS OF POWER LOSSES IN MINNEAPOLIS AND ST. PAUL TESTS, OF PAPER

NO. DXL^^.

Location
of

Plant.

Kind
of

Engine.

How
connected

to

Dynamo.

i( Power House, tH evlindpr I

1 ^;^-,i^
*"""'^-' Cond Corh" . [ ^^ Countershaft

(Hill St. Power Tri-cylinder

'l House, St. Paul. Cond. Corliss. )"

9d Same. Same.

(31st St. Power „r .- u
. nriiwo TUinr,;. ' Wesfinghonse
- Mouse, jninnc-i /-. . ,,

/apolis.
Compounds.

By Countershaft
j

' carrying Friction
Clutches. ;

Same.

Belted direct i

to Dynamo. (

>, s II

T3 o

> ^ fh , o "^W
.>6

:si u«
|ii Wd

-3 bi

c^ 3 Ph'I .2g
M
^

.2@

KS > ^1 a £ph'

V
60

o 5a
E^ a

1,237.80

td (Ih
E-m"

1,083.0 149.90

T56.20 624.7 131.50

859.73 164.43*

522.50 434.2 14.27 3.7t 88.30

2(1,

12.10

17.40

19.12

10.90

(3) MEMOKANDUM OF THE POWER LOSSES IN A TURBINE PLANT

FOR AN ELECTRIC RAILWAY.

The following particulars of the i:)eriormance of the turbine

power plant of the Neversink Mt. Electric Railway, Reading,

Pa., have been taken from the authors' reprint of the published
report of the test, as it appeared in the Electrical World, May
28 to July 30, 1892. At the special request of this journal, Mr.
Hermann S. Hering and the author made a series of tests of this

plant, from August 17 to 22, 1891.

* Friction horae-powerof engine, transmission machinery, and mechanical and
electrical losses in dyDamos, obtained by indicating engine with no load ou the
dynamos.

t Pero-nt. engine friction, as compared wiili tlie maximum horse-power of anv
one engine.

45
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6-6 >- 5 C . —t'o——

^

8-0

Crib Work

Crib

Work

U-T^

Pio. 205.—Plan and Klrvation of ilio 'I'uihinf I'lant of «iie Nuvcrsink Monntiiin

Electric Railwuy, Uoadiiif;, Pa.
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The plan tiiul elevation of the turbine plant are shown in

Fig. 205.

Each vertical shaft of the two Hercules turbines transmits its

power through a mortise crown and jack gear to the horizontal

shaft carrying the main driving puUej'. The power is thence

transmitted to a counter shaft, from which each dynamo is

belted by means of a friction clutch pulley.

Table II. contains the details of the turbine installation, and

Table III. of the transmission machinery.

The tiirbine data for the test was obtained from the Holyoke

Machine Company, through whose kindness the authors were

furnished with a complete test-sheet of the actual performance

of a 45-inch Hercules turbine, of exactly similar design to those

here used.

Performance of the Turbine Plant under a Llgld Load.

In this, known in our report as the " Special Car Test," obser-

vations were made to determine the distribution of power, and

the several losses from the hydraulic head of the water to the

¥\(i. 2iMj.—Graphical Log of the Performance of tlie Neversink Mouutahi Tur-

bine Plant, under a Light Load.

available power at the car axle, during the run of a single car

over the road. The graphical log of the test, so far as the pres-

ent paper requires, is shown in Fig. 206.
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Fig. 207 shows the variations of the losses from the turbine

shaft to the dynamo terminals, obtained by taking the instan-

taneous differences between the turbine horse-power and dynamo
output, and plotting on the same time base as Fig. 206. The
horizontal dotted line shows the mean (from the integrated

means) for the section marked off by the vertical dotted line.
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Fig. 207.—Plot of the Differences bstvveen Mechauical and Electrical Horse-

Powers for Reading Tebt ; Light Load.

Table IV. contains the more interesting and important ob-

served and mean values, taken from Fig. 206, and Table Y. the

summary of the power distribution and efficiencies.

A noteworthy feature of this test is, that the No. 2 turbine

was run throughout with a fixed gate at 17.4fp proportional j)art

of the full opening of the speed gate. The regulating was en-

tirely done by the No. 1 turbine. Anomalous conditions fre-

quently arise when one of the turbines is thus operated at a

fixed gate, as will be readily seen upon an examination of the

graphical log, Fig. 200.

PerfoDiiance of the Turbine Plant under a Heavy Load.

This is designated the " Tesjt of the Power Plant " in our re-

port, and observations were made similar to those referred to in

the special car test. The giaphical log, as far as relates to the

present paper, is shown in Fig. 208, and the variations of the

power losses from the turbine shaft to the djniamo torminals in

Fig. 209, in which the horizontal dotted line shows the mean

(from the integrated means), as before.

Table VI. contains the observed and mean values from Fig.

20s, and Table VII. the summary of the power distribution and

efficiencies. The time base of the graphical log was divided into

two sections, each of whicli possessed ty})ical groups of changes,

and the several values are given for these sections, as well as for

the entire run.
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In each of these tests there were marked peculiarities in the

variations of the power losses between the turbine and the

Am.Buk NolaCo.N.T.

Fig. 208.—Graphical Log of tlie Performance of the Neversink Mountain Tur-

bine Plant, under a Heavy Load.

dynamo output, as noted in the discussion. It was believed

that these were inherent in turbine plants only, but from a

CURVE SHOWING VARIATION OF LOSSES FROM TURBINE SHAFT TO DYNAMO TERMINALS.

Fig. 209.—Plot of the Differences between Mechanical and Electrical Horse-

Powers for Reading Test ; Heavy Load.

similar plot of the Minneapolis Test, No. 1, given in section (2),

it is apparent that the same difficulties are being experienced in

electric railway plants driven by Corliss engines.
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Average Power Didrihution of the Turbine Plant.

The mean values for the several losses in the distribution of

the power (mean speed of turbines at 100 revolutions) have been

plotted in the curves in Fig. 210. These do not represent the

means, integrated or otherwise obtained from few or many ob-

servations, nor do they show just the state of affairs at any one

moment. They are rather to be considered as general average
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Fig. 210.

values showing, by simple inspection, the proportional distribu-

tion of losses, and the final power available at the car axle for the

various horse-powers up to the maximum hydraulic capacity of

the station. It would, of course, be possible to obtain such a

distribution of the power as is here shown, if the turbine speed

could bn maintained constant for such a length of time that the

station performance would settle down to steady conditions, on
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the cue hand ; while the distribution and load of the cars out on

the road should be almost uniformly maintained, on the other

haml. The disturbing element in the station performance as

here represented is the variable turbine speed ; and witli regard

to the road conditions, it is the varying position of the cars en

routt, and the changing loads on the motors due to varying

grades and the somewhat irregular passenger traffic. However,

taking all these matters into (Consideration, the curves convey a

very good idea of the relations between the successive losses.

The diagonal line marked (1) represents the H. H. P. delivered

to the turbines at 100 revolutions, and for which either the hori-

zontal or vertical scale of horse-powers may be used. The curve

(^2 > is the T. H. P. delivered from the turbine shaft to the trans-

mission machinery. It has been obtained for the several hy-

draulic horse-powers from the curves which the authors plotted

from the data furnished by the Holyoke Machine Company.

The horizontal distance, A B, Fig. 210, represents the H. H. P.

required to drive the two turbines with no output ; and that for

any other turbine output, as G N, is measured by the horizon-

tal distance, A X. It is to be carefully noted that the horizon-

tal and vertical distances for any points, as A B and B P, or

A N and X F, are equal only when referring to points on the

diagonal line (1) of H. H. P.

The curve of horse-powers delivered to the dynamos (3) was
obtained from a curve of power losses in the transmission

machinery at the constant speed given above, and which losses

have been set off from the points along (2 ) for any given horse-

power delivered from the turbine shaft. The losses in the

transmission machinery were obtained partly from observations

made during the test and from calculations based on the dynamo
output and efficiency. The point C, and its ordinate Q C, refer

to conditions of the station test, when all the available T. H. P.

was absorbed in the transmission machiner}^ the dynamos being

unclutched.

The curve (4) of E. H. P. delivered to the line shows the

dynamo output as measured at the switchboard, and its vertical

distance, as // /t, at any point, repres'nts the total mechanical
and electrical losses in the dynamos, for that proportional part

of the dynamo output. As before, the point I) and its ordinate

1) R correspond to conditions in whicK all the available T. H. P.

is absorbed in the transmission machinery and dynamo losses,
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fields excited but zero amperes at the switcliboard. The effi-

ciency of the dynamos at any particular output is shown by the

ratio of the respective ordinates of (4) and (3), a,^ NK divided

by iV H. The losses represented by the vertical distance at

any point between (3) and (4), as UK, comprise the following :

Mechanical friction of the journals in the bearing and of the air

resistance, 1.34 H.P., and was assumed fairly constant under

uniform speed at the different loads ; hysteresis, Foucault cur-

rents and losses on the shunt fields, 4.22 H.P., also fairly con-

stant under the same conditions ; and the variable C' 11 losses

in the armature and the series field coils calculated from resist-

ances with temperature corrections.

The E. H. P. delivered to the car motors, curve (5), has been

obtained by setting off vertical distances, as K L, from (4)

which are uniformly 6^ of the ordinates of (4) as KN ; this per

cent, of line losses being the mean already referred to.

The horse-power delivered to the car axle, curve (6), was
drawn by deducting 30;^ from the measiired ordinates of (5),

the combined efficiency of the motor and gearing having been

taken at 70;«. Finally, the ordinates of curve (6\ as M N, repre-

sent the horse-power available at the car axle for traction at

any particular point within the limits of the preceding curves.

TABLE ir.

DATA OF TURBINE IKSTALLATION.

Water supply

Flume, diameter in feet 10

Nominal head of water, in feel 18

Hevcules turhines.

Diameter, in inches 45

Effective area of i^uide opening, square inclies 623

Kated speed, revolutions per minute 110

Commercial rated performance, full gale.

Rated discharge of each turbine, cubic feet per minute 8,83.1

Rated elliciency, full gate and rated spei^d, in per cent 80

Rated horse-power, iit tliis efficiency, each turbine 240

Artual perfonnoHi'c at full (jnie.

Actual discharge, each turbine, cubic feel per minute 8,588

Actual efFicienc.v, 110 n; volutions, in per cent 80.7

Maximum dynamomijtric horse-power, each turbine 210
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Actual perfonnance, about half gate. \

Meau position of speed gate, beiug the proportioual part of the full

opening of the s^peed gate in per tent 53.3

Actual discharge at critical speed for this gate, cubic feet per minute. . 5,528

Etiiciencv, critical speed 100, in per cent 75.37

Eliiciency. rated speed of 110 74.4

Actual dynaiHotuetric horse-power of each turbine at the critical speed

of 100 revolutions per minute 182.5

Actual dynainomeiric horse-power of each turbine at the rated speed of

110 revolutions per minute 128.5

TABLE III.

DATA OF TUANSMISSION MACaiNERY OV TUKBINE PLAKT.

Geared and belted connections

Number of teeth on mortised crown gear, vertical shaft 49

Number of teeth ou jack gear, horizontal shaft 31

Diameter of main driving pulley, en jackshaft, in inches 108

Diameter of main driven pulley, on countershaft 66

Diameter of dynamo-driving pulleys (friction clutch) 60

Diameter of pulleys on dynamt s 26

Main driving belt, extra df-uble, width in inches 45

Dynamo belts, donb'e, in inches 15

Length of main driving belt, in feet , 83

Rated speeds.

Turbine shaft (7ertica]), revolutions per minute 110

Jackshaft over turbines 175

Countershaft . 286

Dynamos 650

Speed of main driving belt, feet per minute 4,950

Speed of dynamo belts 4,300

Distance between sliaft centre lines.

Between the vertical shafts of the turbines, in feet 16.5

Between the jackshaft and countershaft 30

Between the countershaft and dynamos 20
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TABLE IV.

PERFOHMANCE OF TURBINES AND DYNAMOS UNDER LIGHT LOAD.

OBSEUVED AND MEAN VALUES TAKEN FROM FI(i. 3.

Values on the two principal grades, and maximum, minimum, and mean values for entire trip

of the Special Test-car, No. 4. August 17 and 18, 18i)l.

Grade on which reading was
taken.

Time and time-interval on
grade.

Conditions.

Coupled Turbines.
Efficiency
Total turbine friction H. P..

Turbine shaft revolutions per
minute

Variations of power from hij-

draulic II. P. at station to

electrical II. P. delivered to

car.
Hydraulic H. P
Turl)int! H. P
R. II. P. at station

E. II. P. at car

3.64^ up.

49.1
96.8

97.0

190.0
93.

a

48.5
46.0

47.4
98.3

187.0
88.7
4.-). 9

43.1

3.94^ up.

48.5
96.3

188.2
91.4
47.6
44.8

46.7
98.2

101.5

184.2
86.0
44.7
42.3

12-30.

No
Load.

22.3
97.1

121.9
27.8
0.0
0.0

Entire car route.

11-30 to 12-35.

n 5

<i S S

49.5 -4.88t 34.4*
111.5 93.8 98.87

122.0 96.0 103.5

19.-).0 116.3 150..50
9.T.6 -3.{)7t 51. IS
63.9 0,0
59.4 0.0

* Calculated from integrated means of horse power curves for entire run. All other values in

this column aro integrated means.

+ No. 2 turbine kept at fi.xcd gate opening of 17.4^. The negative value of the turbine H. P.

arises from this turbine driving the No. 1 turbine, at the sudden change of load, indicated ; so that

the No. 1 turbine output, the total turbine output, and the efficiency are all negative.
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TABLE V.

PEUFORMANCE OF TUIJBINES AND DYNAMOS DNDEIl LIGHT LOAD.

SVMJIAKY OF POWER DISTKIBUTION AND EFFICIENCIES.

Wiih SiH-cial Ti'<t-car. No. 4, on the two principal grades, 3.64^ and 3.94;?, no other car beinj;

on the road at that time, August IT and IS, 18!)1.

Grade on which reading was taken. "3.64^

Time and lime interval on ffrade.

Conditions.

11-37-30

Steady.

Speed of turbine shaft
Gate opening, N<>. 1 turbine

No. 2 turbine (fixed gate)
Speed of car,t miles per hour

l\>irer (UHvend :

Hydraulic H. P. delivered to turbines
Turbine H. P. delivered to transmission machinery.
H. P. delivered to dvnamo
E. H. P. delivered to line
E. n. P. ilelivered to car motors +
H. P. delivered at car axles

Poirer lait :

Turbine friction H. P
Transiiiicisiou macbiucry Friction, H. P.
Dynamo losses
Line losses

Car motor, gearing and axle losses

Total losses, Hyd.H. P. to car axle H. P
H. P. available at car axle

Total Ilyd. H. P. delivered

Proportional parts offull load :

Hyd. load, percent, of fuli Hyd. H. P
Turbine load, per cent, of full turbine H. P. ...

Dyn;nno load, per cent, of full dynamo output

.

Motor load, per cent, of full motor output

Percentage dhtribuiion :

Turbrne friction, per cent, los-i

Transnalgxion Machincrj' Frlctioit, percent. Ions.
D^Tiamo, per cent. lo.-»

Line. " "

Car motor, gearing and axle losses
Available power at car axle

Total hydraulic power

.

Sirmrnary of effirAencie/t :

Efficii-ncy of No. 1 turbine
No. 2 turbine

" coupled tiirbineji

Efficiency of TranHniisMon Macliinery.
No. 1 dynamo^

"
line, mean, for given grade

Efficiency of car motors, from terraiiia's to car axle .

Etliciency from dvnamo terminal-" to car axle
Efficiency from Hyd. H. P. U) line H. P
Efficiency from Hyd. H. P. to car axle U.V... ......

97.0
31.7
17.4
12.4

190.0
93.2
5ti.l

48..

5

41).

34.50

37.1
7.6
2 5

11.5

155.5
34.5

36.2
22 5

36.2
73.5

..50'.)

.19»
.040
.013
.061

.182

1.000

ii-3i-;5
to

11-39-30

Mean.

98.5
:-'0.6

17.4
11.43

187.0
88.7
53.15
45.9
48.1
31.92

98.3
35.55

7.25
2.8
11.18

155.08
31.92

.58.7

33.8
49.1
60 '.2

86.5
94.8
75.0
71.2
25.5
18.2

187.0

35.7
21.4
31.2
68.8

..526

.187
.038
.015

.063

.171

1.000

57.4
32.9
47.4
59.9
80.3
94.0
74.2
69.7
24.5
17.1

12-8-0.

Steady,

97.0
31.0
17.4
11.1

188.2
91.4
55.1
47.0
44.8
33.7

96.8
3(>.3

7.5
2.8

11.1

154.5
33.7

35 9
22.1
35.5
71.5

.514
.194
.040
.014

.0.59

.179

1.000

58.0
34.0
48.5
6U.3
86.4
94.1
75.2
70.8
25.3
17.9

12-6-0
to

12-16-0.

Mean.

101.5
30.2
17.4
10.62

184.2
86.0
51.9
44.7
4->.3

31.78

98.2
34.1
7.2
2.4
10.52

1.52.42

31.78

35.2
20.6
33.3
67.7

.533
.185
.039

.013

.057

.173

l.OCO

55.8
31.4
46.7
HU.4
86.1
94.8
75.1
71.2
24.2
17.2

• On 3.04< grade car started under normal and almo.«t steady conditions. Record ends without
stopping the c-ir.

** On ZM-i grade car starterl from a full >top, stopped twice en route, and almost stopped at end
of grulc.

t Mean fp^eds on grade are excluMive of otops.
tCir equipped with two No. 12 Rdi-on S R. 25 H. P. motors, style
^0) K. W. Edison railway generator, rated at 6.50 revolutions per i

leB.
_, . . , . — -~ jperminute.
WeiL'nt of car alone. 22."O0 lbs. : weight of car nud load during test. 22,500 lbs.
Plant driven by two 2.50 H P. 45inch Hercules turbines, coupled : one of which. No. 8, is kept

at fixed gate opening of 17.4 per cent.
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TABLE VI.

PERFOKMANCE OF THE TURBINES AND DYNAMOS UNDER HEAVY LOAD.

OBSERVED AND MEAN VALUES TAKEN FROM FIG. 5.

Values on the two principal portions of the run ; and maximum, minimum and mean values

for the entire run. Aug. 20, 1891.

I. II. Total

10.30—11.01
31

11.01—11.14
13

10.30 11.14.

44

5^.0
26.0
46.0

09
39.0
59.4

69
" minimum. 26

51.1

Turbine friction II. P
110.0
8-2.0

97.6

113.0
90.5
101.8

230.0
140.0
18;J.7

132.0
37.0
85.1

76.0
0.0

38.5

99.0
86.0
95.1

104.5
7H.0
93.5

300.0
16i.0
:l'34.0

20S.0
04.0
138.0

1«4.0
40.0
82.0

110
Minimum 82

Mean (integrated)

Speed of turbine shaft, revolutions per minute.
Maximum

96.8

113
Minimum 7H.0

Mean (integrated) 99.4

Hydraulic H. P., maximum 300
" " minimum 140

Mean (integrated) 197.8

Turbine H. P., maximum 208.0
" " minimum 37.0

Mean (integrated) 101.0

Electrical H. P., maximum 124.0
•' " minimum 0.0

Mean (integrated) 31.3
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TABLE VIL

PERFORMANCE OF TrRBINES AND DYNAMOS UNDER HEAVY LOAD.

SrMXARY OF POWER DISTRIBUTION AND EFFICIENCIES.

I. II. Total.

10.30-11.01
31

11.01 11.14
13

10.30-11.14
Time interval of section, in minutes 44

Speed of turbine sliaft. revolutions per minnte

:

113.0
90.5
101.8

3=(.0

6.5
23.4
44.0
9..'>

25.0

18i.7
85.1
50.5
38.5
3i.2
25.4

97.6
34.6
1-i.O

2 3

10.8

104.5
78.0
93.5

41.0
8.5

25.5
66.0
16.5
38.7

234.0

95.8
83.0
77.1
54.0

05.1

43.1
13.8
4.9

23.1

113.0
Miiitnium 7H.0

99.4
Gate opening:, proportional part of the full opening of tlie

sp»eed-Rate. per cent.
I

Ko. 1 Turbine, ni.ixinmm 41.0
6.5

24.0
66.0
9.5

Mean (.integrated) 29.1

Poirfr Ddivered

:

197.8
101.0
63.7
51.3

E. H. P. *• " car motor; 4S.2

H. P. " " caraxle« 33.7

Poirer Loft

:

Turbine friction H. P 06.8
Transmission niacliinery Friction, H. P
Dynamo losses

37.3
12.4
3.1

Car motor and gearinp; losses 14.5

Total losses. Hvd. H. P. to car axle II. P 157.3
25.4

180.0
54.0

164.1
33.7

Total hvdranlic H. P. delivered 182.7

35.1
20.4
14.4
14.5

0.534
0.189

O.0C6
0.013
0.0.59

0.139

234.0

45.0
83.4
30.6
24.6

0.406
0.184

0.0.5;)

0.021
0.099
0.231

197.8

Promrlional Parts of FuH Load :

Hydraulic load, per cent, of full hydraulic horse-power
Turbine load, i)er cent, of lull turbine horse-power

3S.0
24.3

Dynamo load, per cent, of full dynamo output 19.2
Motor load, per cent, of full motor output 17.2

Percentaqe. Bi'^liibutvov:
Turbine friction, percent, loss 0.489
Tranftaiisiiion .Machinery Prlctlou,pei- cent.loss
Dynamos, in parallel, p.-r cent, loss

0.189
0.063

Line l<>-ses, mean of total length 0.016
Car motor, gearing and axle losses 0.073
Available power at car axle 0.170

1.000

4n.6
59.3
76.3
94.0
70.0 <

21.1
13.9

1.000

50.4
69.0
85.2
94.0
70.0
35.0
23.1

1.000

Summary of EfpciencUs :

EflBciency of coupled turbines 51.1
CIBcleney of Transmission I?Iachinery 63.1

" dyn:imos in parallel 80.5
" line, mean of total length
" car motors

94.0
70.0

from Hyd.H. P. tolineH.P 26.0
from Hyd. H. P. to carasle H. P 17.1

Efficiencies from Hydranllc H. P. To line II. P. ToearBxle H. P.

ElHciency at half load of dynamos, which la 50^ turbine
capacity, or.57* full Hyd. H. P 45.0

35.2

29.8
EfBciency at full load of dynamo?, which is 9b% tiirbint
capaciiy, or 93J full Hyd. H . P 36.5

Cars eqn'pped with two No. 12 Edison 8. R.. 2n-H. P. motors, style B. Current supplied by
two 100-K. W. Eflison railway generators, riited at 6.50 revolutions perminnte.

Plant driven by two 2.V)-H. P., 45-iDCh Hercules turbines, coupled. Four 22,000-lb, care out on
road, in service during test.
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(4) POWER LOSSES IN A CABLE PLANT.

This test was made on the Druid Hill Avenue Cable Plant,

Baltimore, Md., jointly by Mr. Hermann S. Hering and the

author, March 29, 1892, while associated in the department of

electrical engineering at the Johns Hopkins University.

A new plan is employed to drive the cable drums by not

having them geared together ; but, using in connection with each

driving drum, a Whitton compensator. This consists of a simple

box-train epicyclic gear. The idler drum is double, one-half of

which is mounted loose on the shaft, while the other half is

keyed to the same.

The cable drums are placed, one on each side of the rope-

drive drum, on the main shaft, and driven through positive

clutch couplings. These as well as similar clutches on the

engine shaft, are operated by hand, through compound gear.

In the eleven miles of single track, there are fifiy-eight single

track curves, making 2,900 feet of curve construction in all.

The power house, at the other end of the line, is a duplicate

of the Druid Hill Avenue one.

The above particulars are taken from the Street Baihvay Jour-

nal, March, 1891, which contains a full and illustrated descrip-

tion of the " Baltimore Cable Road " and the Druid Hill Avenue

power house.

The test was made under the ordinary working conditions of

the road, the usual daily traffic and operations not being inter-

fered with in the least during the normal running time of 21

hours. The plant consisted of two Wetherill-Corliss type of

engines, rated at 414 H.P., at 60 revolutions, 80 lbs. boiler

pressure, and
I

cut-off. Rope-driving is used to transmit the

power from the engine shaft to the cable-driving shaft. Only

one engine was run during the test. It was fitted with panto-

graph reducing motion, and two Thompson indicators. The

method of indicating the engine was to take simultaneous cards

from each end of the cylinder every 2 minutes. The pencil

was kept on for a single revolution only, and the same card was

used for five consecutive observations, at 2-minute intervals

eacli. New cards were put on every ten minutes, so that each

card contained a record of five single diagrams from one end of

the cylinder. Sometimes the pencil, at one end of the cylinder,

would be left on the card for 8 or 5 minutes, while the single

1
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cards were taken from the other end as usual. On comparing

the two cards it was found that the mean obtained from the

five single cards was practically the same as that from the one

continuous card. The method therefore followed, in taking the

cards and averaging them, gave a satisfactory value of the mean
indicated horse-power of the engine during the interval. The
sum of the areas of the five single diagrams was divided by 5,

giving the mean area, which divided by the mean length gave

the mean efiective pressure for the 10-minute interval.

The frictional losses of the engine, drum, and cables were

determined by running the engine with only that part of

machinery attached, of which it was desired to obtain the fric-

tion horse-power. It will be noticed that the sum of the indi-

vidual friction horse-powers of the large and small cables is not

equal to that required to drive the two together. This shows an

increase in the friction of the transmission machinery and
through the rope drive, a result which is to be expected when
the transmitted load is increased and the two cable-driving

shafts are operated as one.

The power necessary to drive the cable, under no load, and at

various speeds, was obtained by a special test ; from the plotted

results of this run it appears that the cable friction horse-

power varies almost directly with the speed at which the cable

is running.

It is the extent of curved track and the steep grades on the

road, which no doubt make the efiiciency of the cables so low

;

for, as will be seen by referring to the summary of efiiciencies,

only 45.9':^ of the power delivered to both cables is available

for use in propelling the cars.

The data and particulars involving the power losses in the

transmission machinery are tabulated below :

TABLE NO. VIII.

DATA AND PERFORMANCE OF ENGINE AND CABLE.

Dimensions of E/agine.

Diameter of cylinder
, 28 inches.

Stroke of y)iston 5 feet.

Piston fitroke to release (proportional part of stroke) 100.0 stroke.

Piston stroke to exhaust cIo.sure head, 92^ ; crank, 92;?

Clearance from card head, 2.1% ; crank, 3.0^
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Dimensions and Data of Transmission and Cable Macldnery.

Driving drum, on engine shaft 8 feet diameter, 8 feet 4-inch face.

Main shaft drum 24 " " " " "

Number of ropes in rope-drive 32

Main shaft, between clutch couplings 18 inches diameter.

Main shaft, between clutch couplings and

the cable-driving drums 15 " "

Cable drums, down -town 10 feet 6 inches diameter
" " up-town 16 " diameter.

Cable speeds, down-town 7^ miles per hour.
' " up-town Hi " "

Data from Test.

Date of test March 29, 1 S92.

Duration of test, normal running time of engine . .21 hours, 52 minutes.

Mean boiler pressure, pounds per gauge 80.96 lbs.

Ratio of boiler to initial engine pressure 88.3^

Mean speed of engine 60.53 revolutions per minute.

Mean piston speed C05.3 feet per minute.

Average mean effective pressure < crank " '

^'^ 4 "

Mean total indicated horse-power 241.7 H.P.

,, , , . ,
I
head end, 1.91 lbs.

Mean back pressure m ports. <
cranl*

" 1 43 "

T,, , , , . (head end, 21.0 lbs.
Mean back pressure of compression

j ^.p^^jj " 22 "

TABLE IX.

SUMMARY OF POWER DISTRIBUTION AND EFFICIENCY OF CABLE PL.VNT.

Power Developed and Delinered.

Horse-power developed, cars on, maximum 6.30 P. M 342.2 H.P.
" " " minimum 5.04 a.M 150.0 "

mean (of run) 241.7 "

Horse-power developed without cars on, but with both cables, drum,

and engine friction, maximum at start 174.6 "

Horse power developed without cars on, but with both cables, drum,

and engine fricti<m, minimum 148.8
"

Horae-power develo[)cd without cars on, but witli both cables, drum,

and engine friction, mean 152.35 "

Horse-power developed witliout cars on, bat with down town cable,

drum, and engine friction, mean 124.2 "

Same, but with uptown cable, drum, and engine, mean 69.0 "

Same, but with drum and engine only, mean 47.45 "

Same, but with engine only (engine uncoupled), mean 29.15 "

Horse-power delivered by engine shaft 212.55 "

llor.se-powcr delivered by main-driving shaft from clutch couplings. 194.25 "
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Horse-power delivered by both cables to cable car grips 89.35 11. P.

Friction horse-power of both cables aud additional shafting required

by same, moan 104.9 "

Friction horse-power of both cables, alone, mean 98.3 "

Power Lost.

Engine friction borse-power 29.15 H.P,

Drum friction 18.30 "

Up-town cable friction 21.55 "

Down-town cable friction 76.75 "

Shafting, due to mean load on both cables 6.60 "

Total friction horse-power 152.35 H.P.

Mean available horse-power delivered to cars 89.35 "

Mean total indicated horse-power developed by engine 341.70 H.P.

Summary of Percentage Distribution of Power.

Percentage lost in engine friction 12.10^
" " drum friction 7.60^
'' " up-town cable friction 8.90^
" " down-town cable fliction 31.80^
" " shafting (due to use of both cables) 2.70^

Percentage available power at cars 30.90^

Total power developed by engine lOU.O^

Summary of Efficiencies.

Mechanical efficiency of engine 87.9^.

Effloiency or rope-drive transinissioii^ from engine §Iiaft

to niain-!»liaft cluteli eoupling:^ 91.4^.
Efficiency of both cables and cable-driving drums, from main-shaft clutch

coupling 46.0,'?.

Efficiency of the cable plant, from the indicated horse-power of engine

to power available at cars 36. 9;^.

(5) POWER LOSSES IN TRANSMITTING THROUGH A COUNTERSHAFT.

These tests were made to determine the losses in the usual

method of driving dynamos ; namely, through two belted con-

nections and a countershaft. They were made jointly by Mr.

Clement Pt. Jones and the author, in the Mechanical Engi-

neering Department of the West Virginia University, in March,

1894.

Two sets of tests were made :

(1) To determine the engine friction.

f2j To determine the transmission machinery friction.
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(1)

—

In the enginefriction tests, 30-minute runs were made, and

indicator cards and speed of engine taken every minute. The

value of the engine friction under load is tlie mean of four 30-

minute runs, with water-cooled Prony brake and platform scales

for measuring the power, with minute observations, as in the

first case. The results are given below.

TABLE X.

DATA AND PEKFOKMANCE OF ENGINE.

Dimensions of Engine.

Engine, Wheelock, rated horse-power, at 75

revolutions, 80 lbs. initial pressure,

gauge, \ cut-ofE 40 H. P.

Diameter of cylinder 10| inches.

Stroke of piston 30 inches.

Crank shaft, crank bearing 4^ inches diameter, 11 inches long.
" " outboard bearing 4^ inches diameter, 10 inches long.

Band-wheel ; diameter on crown 96| inches ; face, 17 inches.

Engine Performance.

Engine running free,—column {a).

Engine running under Prony brake load,—column (6).

(«) (&)

Time interval of run, minutes 30 30

Corrected mean boiler pressure 76.00 75.70

Mean revolutions, per minute 74.93 71.18

Mean indicated horse-power 2.77 17.18

Mean Prony brake horse- power 0.00 14.57

Engine friction, horse-power 2.77 2.61

percent 100.00 15.19

Mechanical efficiency of the engine, per cent. , 0.0 84.81

(2)

—

Jn the transmission ^machinery friction tests, two separate

runs were made, one without and the other with leather cover-

ing on dynamometer pulley, as noted in the following table

under (c) and {d) respectively. The power was transmitted

through a countershaft and absorbed by an Alden dynamometor,

as shown in Fig. 211, on which the principal dimensions are

also given.

It was possible to maintain a very steady load on the engine

by means of the Alden dynamometer, and its constant was care-

fully determined and allowed for in the calculations. It is a

32-inch 50-H. P. dynamometer, especially designed and con-
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-m Alden
Dynaiuouieter Shaft : 2'^

—m: -^r^- Countershaft: 2%

-Engine Crank Sb.ift: iX

Fig. 211 —Plan of Trans-

mission Machinery in Test

for Losses through Counter-

J shaft.

h—17-^
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structed for use with liigli-water pressure at liigli speeds ; but,

during this test, it was worked far below its limit, as small

powers only were absorbed. Its position in the test is that

which a dynamo would occupy in the ordinary electric light

plant, driven by a slow-speed engine. It is believed that tests

of tills character will serve to show the ordinary losses in such

installations.

Indicator cards and speeds of engine and dynamometer shafts

were taken every two minutes. The engine friction horse-powers,

tabulated for (e) and ((/), were taken from a curve plotted from

the previously recorded results, on tlie usual assumption that the

engine friction varies directly as the speed, regardless of the

load.

TABLE XI.

DATA AND PERPOK.MANCE OF THE TRANSMISSION MACHINERY.

Dimensions and data.

Band-wheel of engine—diameter on crown 96i inches ; face, 17 inclies.

Countershaft pulleys, driven—diameter on crowu. 48 " " 14i inches.
" " driver " "

. 48 " " 12^ inches.

Dynamometer pulley (c) bare cast-iron : diameter

ou crown 15^^ inches ; face, 14i inches.

Dynamometer pulley (d) covered with Shult?; patent

leather covering : diameter on crown 15^ inches ; face 14A inches.

Main driving belt, light double, oak-tanned 11| x J inch.

Dynamometer belt, single, oak-tanned 8 x ^^ inch.

Transmission Machinery Performance.

Plain cast-iron jiulley on dynamometer,—column (c).

Shultz patent leather covering ou dynamometer pulley,—column {d).

(') {d)

Time interval of run, minutes 60 30

Corrected mean boiler pressure 59.29 64.5

Mean revolutions per minute, engine 67.0 68.25

" " " " dynamometer 403.60 417.06

Calculated speed of dynamometer, ratio 6.84 6.234

" '• '• speed 424.8 425.5

Loss in Fpeed, from engine to dynamometer shaft 22.2 8.44

Slip of belt, per C(int. of calculated speed 5.23 1.98

Tension at which belts were laced and run, average of initial,

and final tensions on belts—pounds per 8(juar(! inch:

Main driving belts 40 80

DynnmonKiter belt 75 135

Mean indicated horse-power 19.122 13.21

Engine friction, horse-power (from plotted curve) 2.50 2.54
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Horse-power delivered to transmission machinery 16.623 10.670

Dvnamometric horse-power absorbed • ;'
O TIO

Friciioual los-*. per cent., eugme. • •;

Frictional lo.s, per cent., transmission niaclun-
^^^ ^^^

*-'ry 86.92 80.77
Efficiency, per cent., engine • • •

•

•

oi oft ftJJ :J5

Efficiency per cent., transmission macli.nery 91 90 9* Ja
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TESTS OF A SMALL ELECTRIC RAILWAY PLANT.

BY JESSE M. SMITH, DETROIT, MICHIGAN,

(Member of the Society.)

This paper is designed to give in a concise form the results of a

test made in October, 1893, on tlie power plant of the Wyandotte

& Detroit River R. R., which is a suburban road running from

Detroit to Trenton, Michigan, 10.5 miles long.

The plant contains two tandem compound condensing engines

rated at 150 H. P. each, and guaranteed for a maximum load of

225 H. P., made by the Phoenix Iron Works Co., Meadville, Pa.

Each engine is belted direct to a Westinghouse railway generator

of 150 E.H.P. The vacuum is obtained by a Conover air pump
and condenser belted directly to the engine shaft. The boiler

feed pump is driven from the air pump shaft. Steam is supplied

by two Manning vertical boilers. One engine and dynamo only

were used during the test. It will be noted at the outset that

each engine and dynamo is designed to deliver an average of 150

H.P., but that during the test the average load on the engine was

only TO I.H.P., and the maximum 141 I.Il.P. The best condi-

tions of economy were therefore not realized. The test was made

under commercial conditions for the owners of the plant. All the

machinery had been run about three months, and no adjiistnieuts

by the makers had been made since it was first ])ut in. No
special care had been taken to get very close regulation either of

the engine or generator. One boiler was fired with coal, and used

exclusively to suppl}- steam for the fuel atomizer of the other

boiler. " Straight crude oil " was used exclusively as fuel for

the boiler, which supplied steam to the engine, and no steam was

used from that boiler for other purposes. Indicator cards were

taken at intervals of 6 minutes during the 17.\ hours of the test.

* Presented at the Montreal meetin^r, June, 1891, of the American Society of

Mechiinical Etigiueers, and forming part of Volume XV. of the Transactions.
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A Tabor iudicator was applied directly to each end of each cylin-

der, and all operated by the same mechanism. Indicator cards

were taken simultaneously from the four indicators by two per-

sons on a signal given at the proper time, without regard to the

load on the engine. The speed of the engine was determined by

a continuous revolution counter which was directly connected to

the shaft of the engine. The variation of speed was shown b}' a

tachometer belted directly to the engine shaft, and constantly in

service. It was carefully compared with the revolution counter

when on constant speed, and was made to agree with the counter.

The speed of the dynamo was taken at four different times by a

revolution counter held in the end of the shaft for five consecutive

minutes each time. Three readings gave 604 revolutions, and

one reading gave 603 revolutions per minute. The speed of the

air pump was taken in the same way.

The steam gauges on the boilers were compared to a standard

gauge from the University of Michigan, and found to be correct.

These gauges are connected to the boiler near the bottom, so that

they show the pressure due to a head of water of about 10 feet in

addition to the steam pressure. The boiler gauges therefore

show about 5 pounds more pressure than the pressure of the steam

in the boiler. The standard gauge, when placed on the steam

pipe of the engine just above the throttle valve, showed about 5

pounds less pressure than the boiler gauge, so that there was
practically no loss of steam pressure between the boiler and

engine. The vacuum gauge was compared with a standard gauge

from the University of Michigan, and showed a vacuum 1.5 inches

higher than the standard. All the data given below have been

properly corrected to agree with the standard instruments. The
temperatures were taken by standard thermometers from the

University of Michigan.

The amperes were measured by a Weston standard ammeter
connected in series with the station ammeter. The volts Avere

measured by a Weston standard volt meter connected to the bus

bars of the switch board. Volt and ampere readings were taken

every ten seconds by a different person at each instrument, the

time being given by a third person.

The water used by the boilers was taken from the overflow of

the air-pump, and weighed in two barrels on two scales, and was
pumped from the barrels by the regular feed pump worked from

the shaft of the air pump. The feed water passed through a
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closed beater with brass tubes, the heater being connected with

the exhaust pipe between the engine and condenser. The fuel oil

was stored and fed by the Snell water pressure system. The
amount of fuel oil fed to the atomizer was measured by measur-

ing the number of gallons of water which flowed into the storage

tank.

The test proceeded continuously without mishap of any im-

portance, and I was greatly assisted by Messrs. Weber, Becker,

Bird, Clark, Ames, and Hamper, engineering students from the

University of Michigan, and also by H. E. Whitaker, junior

member of the Society-, who also worked up the indicator cards

and made the calculations of results.

The dimensions of the plant and data, and the results are given

in the following tables

:

DESCRIPTION OF PLANT.

Boilers.

Kind Manning Vertical Tubular.

Number 2

Size Known as 61-incli.

Rated capacity . . .150 11. P.

Inside diameter of fire-box G feet inches.

Heiglit above grate 3 feet 6 inches.

Number of tiibe.s 184

Outside diameter of tubes 2^ inches.

Total length of tubes 14 feet 10 inches.

Length of tubes below water-line 10 feet 7 inches.

Heating surface in fire-box 89.2 square feet.

Heating surface in tubes below water-line 1272.7 square feet.

Heating surface in tubes above water-liue 511.1 square feet.

Engine.

Kind. . Phoenix Iron Works Co. Tandem Compound Condensing.

Diameter of higli-pressure cylinder 11, \; inches.

Diameter of low-pressure cylinder 20^^^ inches.

Stroke of piston 15 inches.

Piston valves on both cylinders, both controlled by shaft governor.

Number of fly-wheels 2

DiiimetcM- of fly-wheels 78g inches.

Face of fly-wheels 103 inches.

Weight of rim of each fly-wheel 2,445 lbs.
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Ai)'-Puvip.

Kind Conover belted to engine.

iSize No. 7.

Diiuueter of piston 15 inches.

Stroke of piston 7 "

Revolutions per miuute 67

Boiler Feed-Ptimp.

Kind Sing'lp-acting plunger driven from sliaft of air-pump.

Diameter of plunger 3 inches.

Stroke 6 "

Dynamo.

Kind Westinsfhonse 4-pole Railway Generator.

Size No. 1.

Rated capacity 111.9 kilowatts.

Rated capacity 150 E. H. P.

'

Standard speed 625 rev. per min.

Speed when tested 604 " "

Cars.

Maker Jones.

Length 16 feet.

Weight 14,500 lbs.

Number of seats 22

Kind of motors Westinghouse.

Number of motors . . 2

Rated power of each motor 30 E.H.P,

Number of cars in use .3

Road.

Length . . .10.5 miles.

Kind of rail T
Weight of rail per yard 52 and 56 lbs.

Supported on cross ties.

Ties covered with sand and resting on sand, except from Wyandotte to Trenton,

which is stone ballasted.

SPEED OF ENGINE AS CONTROLLED BY GOVERNOR.

Revolution per minute by revolution counter, average for 8

minutes with dynamo belt off 238 revolutions.

Same, with dynamo running with brushes on, but main circuit

open, average of 6 minute.s 238 "

Average revolutions per minute on regular work daring 362

minutes 234.3 "
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Percentage of variation of revolutions 1.58^

Maximum revolutions per minute, as shown by tachometer,

dynamo producing amperes, engine developing 14.3

I.H.P 239 revolutions.

Minimum revolutions per minute, dynamo producing 180

amperes, engine developing 165 I.H.I* 227 "

Maximum revolution, as shown by tachometer during regular

run 237 "

Minimum revolutions, as shovrn by tachometer during regular

run 233

Average revolutions, as shown by tachometer during regular

run 234.5

Total variation 4 "

Percentage of total variation 1.1%
"

DISTRIBUTION OF POWER USED.

Power consumed by friction of engine, air-pump, an.i boiler

feed-pump, with main belt off 9.22 I.H.P.

Friction of engine, air and feed-pumps, and dynamo, with

brushes off 11.34 "

Friction of dynamo and belt 2.12 "

Power consumed by engine, air and feed-pumps and dynamo,

with brushes on and main circuit open 14.34 "

Power required to charge fields of dynamo 3.00 "

Rated capacity of engine • 150 "

Rated capacity of dynamo ... 150 E.H.P.

Percentage of engine capacity required by friction of engine,

9 22 1

air, and feed-pumps -— =1 q 15^;
150

)

Maximum power developed by engine, as shown by indicator

cards, during economy test ... 141.4 I.H.P.

Minimum power developed by engine, as shown by indicator

cards, during economy test 21.27 "'

Average power developed by engine, as shown by 208 sets of

indicator cards, during economy test 70.1 ''

Maximum volts developed by dynamo 520 volts.

Minimum " "' " 480

Average " " " 501

Maximum amperes developed by dynamo 200 uin pores.

Minimum " " " 4.7 "

Average " " " 67 "

Average watts delivered by dynamo 33,567 watts.

Average ele(tri(;ai horse-power delivenul l)y dynamo 45 E. II.P.

Average indicatiKl liorse-i)owor delivered to pulley of dynamo,

estimating fricticm of armature shaft to be the same as

friction of belt 59.8 I.H.P.

45 J

Average commercial efficiency of dynamo
r,i u = r 75.85/?
o9.8 )
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Average number of cars in use during test 2.89 cars

Number of passengers on cars during ITi hours 1,014

Number of single trips of cars 64

Average number of passengers on cars per single trip 15.2

Average number of passengers on cars at any one time (esti-

mated) 8

Weight of ten persons at 140 lbs. each 1,400 lbs.

Weight of cars 14.500 "

Total weight of cars and persons 15.900 "

Average weight in motion 45,950 "

Average electrical liorse-power per 1,000 lbs. of weight moved 0.98 E.H.P.

Average horse-power developed by engine per 1,000 lbs. of

weight moved 1.53 I.H.P.

Average watts required per car 11,615 watts.

Average electrical horse-power per car 15 54 E.H.P.

Average horse-power developed in engine per car 24.25 I.H.P.

Average watts delivered by dynamo per horse-power developed

in engine 478.8 watts.

Average watts delivered by dynamo per horse-power delivered

to belt of dynamo 557.3 watts.

RATE OF SPEED OF CAKS.

Length of road 10.5 miles.

Time of round trip, including 2 minutes stop at each end and

at 16 railroad crossings 90 minutes.

Average speed per hour, including ail stops, 21 miles iu 1.5

hours J 14 miles per

] hour.

Running time, allowing 2 minutes at each end 4

1^ minutes at each railroad crossing 4

90 - 8 = 82 minutes.

Average speed between stops = 21 miles in ^^ = 1.366 hours = (15.38 miles per
6 j hour.

MILEAGE OF CARS.

2 cars, 11 J round trips each 23 miles.

1 car, lOi " " " lOi
"

Total number round trips 33^ "

Totalcar miles—33^x 21 703.5 "

Average miles run by each car 234.5 "

TIME OF SERVICE OF CARS.

2 cars, 11 round trips, 1.5 hours each 33 hours.

1 car, 10 round trips, 1.5 hours each 15 "

Car hours 48
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Time required by each car to get to end of road to commence

it3 trip and get back to power Louse i hour.

Total time of cars away from power house—
2 cars, 16.5 + 0.75 34.50

1 car, 15 + 0.75 15.75

Total car hours 50. 25

Time of test 17.33 hours.

50.25
Average number of cars in use daring test '.^ 2.89

ECONOMY TEST.

Duration of test 17 j hours.

Average horse-power developed in engine as shown by 208 sets

of indicator cnrda taken at 5 minute intervals 70.1 I.H.P.

Average horse-power delivered by dynamo as shown by

6,209 sets of readings taken at 10 second intervals 45. E.H.P.

Net average steam-pressure in boiler by half hour readings. . 111.8 lbs.

Average vacuum by half hour readings 25.2 inches.

Steam used by engine in 17:j hours 29,829.6 lbs.

Steam used by engine per hour 1721.1 "

Steam used Ijy engine per horse-power per hour 24.55 "

Steam used by fuel oil jet in 17^ hours 5064. 5 "

Steam used by fuel oil jet per hour 291.5 "

Steam used by engine and fuel oil jet per hour 2008.8 "

Percentage of steam used by fuel oil jet 14.5^

Weight of oil per gallon at 61° Fahr 6.57 lbs.

Fuel oil used to raise steam-pre.=!sure before starting, 5 gal.... 32.9 "

Fuel oil used for engine during test of 17] hours, 251.7 gal . . . 2308.3 "

Fuel oil used per hour for engine 20.25 gal . . 133 "

Fuel oil used per horse-jjower per hour for engine, 0.29 gal .

.

1.9 "

Additional fuel oil which would be required to

maintain oil jet for 17^ hours 59.71 gal . . 393.3 "

Additional fuel oil which would be required to

maintain oil jet for one hour 3.43 gal. . 22.58 "

Total fuel oil that would be required during day, 416.4 gal . . . 2734.5 "

Average temperature of water flowing from air-])unip 91.8" Fahr.

Average temperature of feed-water entering boiler 126.6" "

Rise of te!n[)erature of feed-water due to heater 34.8^ "

Percentat;e of fuel saved by heater 3.06^

Fuel oil required to evaporate 1000 lbs. of water from

126.6^ Fahr., into steam at 112 lbs. pressure 11.79 gals.

Water evaporated from 126.6° Fahr. into steam at 112 lbs.

pressure per gallon of fuel oil 84.81 lbs.

Ditto per pound of oil 12.9 "

Kind of fuel oil used Straight Ohio Crude.

Kind of fuel oil atomizer Snell

Area of steam outlet of atomi/cr 0,07 fcq. in.

Which is same as a round hole 0.8 inches diameter.



TESTS OF A S:N[AT.L ELECTRIC RAILWAY PLANT. 737

It will be noted that 14.5^ of the total steam generated was

used by the fuel oil atomizer. The atomizer was not properly

proportioned for the work, and did not receive enough air. The
flame was red and evidently not economical. The atomizer and

furnace have since been re-arranged with much better results.

In this engine the piston valves which distribute the steam

to both high and low pressure cylinders are controlled by the gov-

ernor. The effect of this is clearly shown by the following three

sets of indicator cards, which are representative of the cards

taken during the economy test. With each set is a card from tlie

receiver between the high and low pressure cylinders taken at

the same time as the others of the set.

Set No. i. High Pressure Crank End

M. E. P. = s*

I. H. P. = 2.4

60* Spring

Av. Rev. per mln. = 234.3

Fro. 212.

Set No High Pressure Head End

Jl. E. P. = 3*"

I. H. P. = 2.5

60* Spring

Fio. 213.

47
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Set No. i. Low Pressure Crank End

Fig. 214.

Set no. 1. Low pressure head end

Fig. 215.

Set No. i. Receiver

10* Spring

Maximum above Atmosphere =5.9*

Minimum " " =5.0

Average " " =4.9

Set No. 2. High Pressure Crank End

M. E..P. -17.0*

I. H. r. = 13.8

60* Spring

Av. Rev. per mln. -= 234.3

Fig. '.'16.
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ScT No. 2. HIGH Pressure Head End

M. E. P. = IS*

I. H. P. = U.S

60* Spring

Fig. 217.

Set No. 2. Low Pressure Crank End

31. E. P. = 6*

I. H. P. = 16.6

20* Sjjring

Fig. 218.

Set No. 2, Low Pressure Head End

31. E. P. = e.s**

I. H. P.= 17.6

2U* Spjlng

Fig. 219.

Set No. 2. Receiver

10* Spring

Maximum above Atmospherc=9*

Miiihiuim " ' =6.4

Average " " =7.2

Fig. 2-,'0.
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Set No. 3. High Pressure Crank End

M. E. P. = 31.2

I. H. P. = S5.3

60* Spring

Av.Rev.per mln.= 234.3

Fig. 321.

Set No. 3. High Pressure Head End

Fig. 222.

Set No. 3. Low Pressure Crank End

M. E. P. - '9.1**

I. H. P. - 25.2

20* Spring

Fig. 233.
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Set No. 3. Low Pressure Head Cno

M. E. P. = 9*

I. H. P. = 25.2

20* Spring

Fig. 224.

Set No. a. Receiver
10* Spring

Maximum above Atniosplierc=11.0*

Minimum " " = 7.5

Average " " = 8.2

Fig. 225.

Each set shows the hoi-se-power developed in each end of each

cylinder, as well as the variation of pressure in the receiver.

The results are given in the following table :

Set No. 1. Set No. 2. Set No. 3.

1. H. P. in H. P. Cylinder.
Crank end
Head end

2.4

2.5

8.3

7.8

13.8

14.8

16.6

17.6

25.3

26.1
I. H. P. in L. P. Cylinder.

Crank end 25.2

Head end 25.2

Total I. H. P
Maximum pressure in receiver.. .

Minimum " " "
Average " ' "

21.0
5.!)

4.0

4.9

62.8
9.0

6.4

7.2

101.8

11.0

7.5

8.2

It will be noted that while this is a condensing engine the high

pressure cylinder does a good share of the work even on the light-

est loads, and the receiver pressure does not vary gi-eatly either

during a single revolution, or during a change of load of from 21
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to 101.8 horse-power. While the load changes 485,^, the average
receiver pressure only changes 167^, and even when the engine
ran with the belt off and developed 9.2 horse-power, there was no
negative work in either end of either cjHnder. These results,

which I believe to be highly important, both for economy and
close regulation, are due to the valves of both cylinders being
controlled by the governor.

The variations in load in a plant of this kind are not only

extreme but rapid.

Sample Ampere Readings at Ten Second Intervals.

j\

•
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^ I

„ V % \
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^ ri t
< m\ ^ 12
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Ml^ui^es r M^ T H-i

8 4

Fig. 326.

Fig. 226 shows a sample of the ampere readings during about
seven minutes, at intervals of ten seconds.

The variation is from 5 to 134 amperes, and in one interval

of ten seconds the load increased 115 amperes, which equals 120
indicated horse-power.

During the regular operation of the plant and with tbese

extreme variations in load, the needle of the tachometer never
left the space enclosed by the 2;>0 and 240 revolution marks.

DISCUSSION.

Mr. 0. W. Baker.—There is one feature of this paper which
sliould not ])ass without some discussion. The author says :

" It

will be noted that 14.5^ of the total steam generated was used by
the fuel oil atomizer." Now, if we wore tiring coal under a boiler

and it took one-seventh of all the steam the boiler made to rim au
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automatic stoker to put the coal iu the furnace, we would think

that a veiy expensive method of firing. It ought to be brought

out whether such an expenditure of steam for spraying is a gen-

eral rule in using fuel oil under boilers, or whether this record is

something exceptional.

J/r. Jesse J/. SniitJi.—In reply to Mr. Baker I will say that the

amount of steam required by the atomizer is certainly excessive,

and as a result of this test the furnace, as well as the atomizer,

was changed, so that I am satisfied it is now giving much better

results. This discussion emphasizes the fact that when oil is used

as fuel, account is not often taken of the amount of steam required

by the atomizer, and which is a dead loss so far as the power of

the boiler to produce useful work is concerned.

While I think 14.5^ is more steam than should be necessary for

properly atomizing the oil, still a very considerable quantity is

always necessary, and in careful estimates this must of necessity

be taken into account.
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DLXXXVII.*

EFFECT OF VA EYING THE WEIGHT OF REGENE-
RATOR IN A HOT-AIR ENGINE

BY G. W. BISSELL, AMES, IOWA.

(Junior Member of the Society.)

When the writer was connected with Cornell University, as

instructor in experimental engineering, he noticed that experi-

ments with a Eider Compression Pumping Engine gave data

showing a lowering of temperature of the jacket-water in its

course through the engine, instead of an elevation of tempera-

ture, as he expected. Many experiments, conducted carefully

and with special pains in the calibration of thermometers, and

in their use by interchange of position, confirmed the phenome-

non.

The experiments which are herein described, and of which the

data are given, were made to find out what efi'ect, if any, varying

the amount of metal in the regenerator would have upon the

phenomenon referred to.

The Rider Compression Hot Air Pumping Engine is too well

known to require description. The fuel used consisted of wood
used for starting the fires and hard coal. The amount used in

each run was determined as in the standard method of steam-

boiler trials. All of the water pumped passed through the

jacket of the displacing cylinder, except a small stream which

was carried througli the jacket of the working cylinder. Both

streams of water were united beyond the pump and delivered to

the weir, which measured the water pumped. The head against

which the pump worked was made by throttling the discharge,

and was measured by a pressure-gauge in the usual way. The

indicator wfis attached to tlio regenerator chamber, and its drum

received motion from the working cylinder. The speed was ob-

tained by hand counting. The thermometers used for determin-

ing the temperatures of the jacket-water were eighteen inches

* PiosHutt'd at the Montrciil iiiortiiipf, ,)niu\ 1894. of tho Ami-ricaii Society of

Mechanical Etigincers, and forming part of Volutne XV. of tho Transactions.
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lonf;^, graduated to 1 5 Falir., and carefully compared, besides

being frequently interchanged during each test.

The data and results are appended. Graphical logs and a

graphical record of the iinal results are also given. The obser-

vations were taken by Messrs. Clarke and Heilman, then senior

students in the laboratory, the latter being noAv instructor

in the laboratory. The writer gave close supervision to the

experiments here reported, and frequently verified the readings

of the temperatures of the jacket-water.

TEST NO. 1.

All of regenerator in ; weightof same, 20.75 lbs. Date, April i4, 1891. Duration, 2 hours 30

minutes. Zero of weir, O.TS.JS foot. Weight of wood, 6.2 lbs. Weight of coal, 4.63 lbs.

Weir
Reading.

Head,

Temperaturb.?.

Revs.
No. Time. lbs. M.E.P. Jacket. per

Room.
Water at

Weir.
Minute.

Entering. Leaving.

1 3.20 0.9773 11.00 9.53 77 86.8 58.2 61.2 106
2 3.30 0.9662 10.25 9.47 87.5 60.9 .19.0 104
3 3.40 0.9703 10.75 9.6S 88.0 60.9 58.9 110
4 3.50 0.9691 10.75 9.73 88.4 60.7 58.9 106
5 4.00 0.9675 10.00 9.68 76 89.3 GO.

9

59.5 100
6 4.10 0.9T04 ia.50 9.89 89.9 61.1 .')9.2 106
7 4.20 0.9682 10..50 9.47 90.1 61.1 59.5 102
8 4.30 0.9748 10.75 9.62 89.6 61.3 59.3 112
9 4.40 0.9;33 10.75 9.92 7 89.8 61.2 .59.2 110
10 4.50 0.9653 10.75 9.89 89.9 61.4 59.8 106
11 5.00 0.9695 10.75 9.62 90.4 61.5 .59.8 104
13 5.10 0.9f>87 10.75 9.55 77 90.5 61.7 69.9 104
13 5.20 0.9700 9.85 9.85 90.8 61.9 59.9 104
14 5.30 0.9722 10.75 10.00 91.0 01.9 60.0 106
15 5.40 0.9712 10.75 9.68 77 91.0 61.9 59.9 106
16 5.50 0.9708 10.75 9..53 91.0 61.9 59.9 108

Mean .

.

0.9703 10.66 9.69 89.62 61.16 59.62 105.9
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TEST NO. 2.

Two-thirds of regenerator in; weight of same, 13.5 lbs. Date, April 15, 1891. Duration, 2 hours
.30 minutes. Zero of weir, 0.7853 foot. Weight of wood, 8.75 lbs. Weight of coal, 6.5 lbs.

Time. Weir
Read.ng.

Tlend,
Ibe.

M.E.P.

Tempekatuiu:?.

No. Jac vjt.

Eevs.
per

Room. W ater at
Weir.

Minute.

Enteri.g.

62.9

Leaving.

1 3.00 0.9009 10..50 8..39 83 78.4 62.0 92
2 :i.IO 0.0(90 9.50 8.34 79.9 62.2 01.5 104
3 3.30 0.9642 10.25 8.49 81.6 61.8 61.2 103
4 3.:*) 0.9(190 ]0.:;i5 8.39 .S2.5 61.8 60.9 95
a 3.40 0.'.'69r 11.25 8.32 79 83.9 61.7 60.7 106

3. .50 0.05;

3

10.75 8.33 85.0 61.8 61.4 98~
4.00 0.9618 10.75 8.39 86 1 0J.2 63.2 98

M 4.10 0.9673 10.00 8.62 78 87.3 6-.i.3 02.9 98
9 4.20 0.96.59 10.35 8.62 84.6 02.2 62.2 99
10 4.30 0.9(:3S lO.OfJ 8..32 84.5 62.2 62.3 96
11 4.40 0.9645 10.15 8.70 78 85.7 62.5 62.3 98
ii 4.50 o.eeio lO.tO 8.57 86.8 6J.6 02.4 94
13 5.00 0.9660 io.a5 8.62 f-8.0 62.9 62.0 94U 5.10 0.9690 10..50 8.47 8^.6 62.9 61.6 96
15 5 20 0.!i«89 10.50 8,62 78 89.2 (i2.9 61.7 99
16 5.30 0.»<i78 10.55

10.35

8.62 89.4 ^2.9 61.7 96

.Mean .

.

0.9655 8.49 79 a5.o 02.3 61.9 97.7
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TEST NO. 3.

One-third of rege.ierator in ; weight of same, C.75 lbs. Date, April Ifi, 1831. Duration, 2 hours

30 minutes. Zero of weir, 0.7853 foot. Weight of wood, 8.0 lbs. Weight of coal, 6.0 lbs.

Temperatures.

Revs.

No. Time. Wcif
Reading.

Head,
lbs.

M.K. P.

Room. Water at
Weir.

Jacket. per
Minute.

0.9595

Entering.

65.5

Leaving.

1 2.20 10.35 7.56 78 93.0 65.3 92

2 2..30 0.9()10 10.50 7.48 93.6 64.8 66.2 90

3 2.40 0.9,583 10..55 7.78 94.5 04.5 65.7 90

4 2.50 0.9700 10.75 7.65 95.9 63.3 63.5 104

5 3.00 0.9734 10.50 7 72 78 '.16.4 63.0 61.6 110

6 3.10 0.9()60 10.55 7.87 92.1 63 63.3 98

3.20 0.9658 10.55 7.87 92.4 63.7 63.8 98

8 3.30 0.9620 10.60 7.80 93.5 63.9 64.9 100

9 3 40 0.9667 11.00 7.87 78 94.0 64.5 64.3 104

10 3.50 0.965S 10..55 7.80 93.7 64.6 64.9 96

11 4.00 0.9580 10.25 7.87 94.4 64.5 64.5 94

12 4.10 0.9603 10.50 7.87 76 95.5 65.3 68.5 90

13 4.20 0.9.565 10.25 7.72 90.9 65.8 65.4 88

14 4.30 0.9555 10.25 7.87 90.3 65.

7

65.3 88

15 4.40 0.9555 10.50 7.65 75 90.4 65.2 66.5 88

16 4.50 0.9693 10.25 7.68 89.0 64.7 65.0 98

Mean .

.

0.Sfi36 lO.'ig 7.75 77 93 1 64.5 CJ.9 95.5

RESULT.-^.

Diameter of working piston, 6.T5 inches ; diameter of pump plunger, 1.5 inches ; length of stroke

of working piston, 0.792 foot ; length of stroke of pump plunger, 0.713 feet.

Test No
Diite

Duration
Weight of regenerator, lbs..

Head pumped against, feet.

Weir reading
Weir zero
Head over weir, feet.

Water deliveicd, cubic feet per si'cond
Temperature of water at weir, Fahr
EflEective hor^e-powc
M.E.P.
Revolutions per minute
Indicated iiorse-power
Mc'chniiiciil eOiciencj', per cent
Coiil cons^umed per hour, ibs

Coal per I.H.P., per hour
Initial temperature of jiicUet-water.
Final teniper.iture of jacket-water.

.

Risic in temperature of jacket-water.

1 2 3
-14-1891 4-15-1891 4—16-1891
2.} hours 2^ liours 2} hours
20.75 13.50 6.75
24.51 23 80 24.12

0.9703 0.9655 0.9626
0.7853 0.78:.3 0.7853
0/18.50 0.1802 0.1773
0.0215 0.0202 0.0193
89.62 85.00 93.1

0590 0.0542 0.0528
9.69 8.49 7.75

105.9 97.7 95.45
0.880 0.711 0.682
0.79 7.62 8.20
2.84 4.00 8.68
3.22 5.62 5.82

61.16 62.30 64.5
59.62 61.9 01.9

-1.54 -0.4 + 0.4

Remarks. — The rise in teiDperatiire of tlie water from the i)ump to tho weir

wa.s occiisioned jjartly by the jacket- water from tho working cylinder which was

admitted to the discharge i)ipe after the final temperature of tho main stream

had bec.T measured, and ])aitly by the arrangement of tho discharge pipe, which

was carried through the upper part of the room in the vicinity of steam pipes

for a considerable distance bnfore reaching tho weir tank.

Inspection of the above data and results reveals the followinp;

:

Reducinof the weight of the regenerator reduces the cooling

effect of the engine upon tho jacket-water, and finally results in

actually raising its temperature
;
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Ami also iucreasos the mechauical efficiency

;

But at the expense of the duty and of the total efficiency as

shown by the items under the heads respectively of " Water
delivered, cubic feet per second," and " Coal per I. H. P. per

hour."
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DISCUSSION.

Mr. It. C. Carpenter.—The peculiar effect of the refrigerating

cylinder of the Eider hot-air engine of the Sibley College Labora-

tory some two or three years ago is very well described in the

paper by Professor Bissell. According to the experiments made at

that time, the jacket-water surrendered heat to the air inside of the

refrigerator, and was reduced to a lower temperature rather than

take up heat from that source. The natural effect of this was to

render the jacket-water not only useless but a positive detriment to

the engine. I believe that Professor Bissell shows that on running

without the jacket-water there was a slight loss rather than a

gain in econom}^ This rather unexpected condition, reported

to me at the time by Professor Bissell, led to an attempt on my part

during the next year to find the reason for such peculiar results.

Without going into details I will simply say that for some reason

or another we have not been able to reproduce conditions which

gave us results of the same character as those reported. The
tests have been repeated a large number of times, and invariably

the jacket-water was warmer when leaving the refrigerator than

when approaching it. All the sections of the regenerator are in

place, -and the engine is in good order.

While I liave not definitely decided as to the reason for reversal

in results, I had come to the conclusion that there was some
abnormal condition existing at the time that Professor Bissell made

his tests. I will say that except for cleaning the regenerator, the

engine has not been repaired since the tests made by Pro-

fessor Bissell, yet it is quite certain that the jacket-water surrenders

heat to the refrigerator in the normal manner at the present time.
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DLXXXVIII.*

A NEW MECHANICAL FLUID,

BT CHAKLES WALLACE HUNT, NEW YORK CITY.

(Member of the Society.)

A HYDRAULIC piston for adjusting journal boxes to take up the

wear from use would have the desirable features of delicacy of

adjustment and ample rigidity for any strain which it would be

called upon to sustain. The cost of the accurate construction

needed, and the probable leakage of the fluid, would usually

prevent serious consideration of this method.

In canvassing the various methods of adjustment which could

be used in the bearings of the connecting rods of our steam

engines, the advantages and faults of this method were carefully

investigated. The inevitable leakage of the liquid presented an

almost unsurmountable barrier to its use. The thorough exami-

nation of its availability for this purpose, however, brought to

mind the method of packing the plungers of mine-pumps used by
Mr. Eckley B. Coxe, which has since been presented to this

Society in a discussion of topical questions at the New York
meeting, December, 1893.f This method was to fill the spaces for

the packing material around the plunger with untried tallow,

cut in pieces about an inch across, and kept under sufficient

pressure to make it flow into the packing spaces. The tallow

packing also lubricated the piston, and as it was gradually worn
away, the membranes in the tallow were too large to pass be-

tween the plunger and its casing, and remained, forming under

the pressure a mass of semi-fluid packing. If we consider this

material as a fluid, we can conceive of it as a liquid with masses
of animal membranes for atoms, instead of the usual conception

of atoms of infinitesimal size.

After making this wide departure from our ordinary concep-

tions in molecular physics, we can take a further step by imagin-

* Presented at the Montreal meeting, June, 1894, of the American Society of

Mechanical Engineers, and forming ])art of Volume XV. of the Transactions.

t Transactions American Society of Mechanical Engineers, vol. xv., p. 599.
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ing a liquid wliich was composed of atoms as large as bicycle

bearing-balls. The anticipated trouble from the leakage of the

CD
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fluid would thou disappear as a factor iu the ordinary mechanical

fitting iu steam-engine work.

If the balls of this hypothetical fluid vary in size, their mutual

pressures may be supposed to balance each other somewhat as

shown in Fig. '227. The lower balls are of equal size, and the

upper ones of varying diameter. The ball ^1 is placed directly

over the centre of the lower ball, and has no tendency to move
iu either direction, but the balls B, C, D, E, and F are each

larger than the preceding ball, and each one rests upon the

inclined surface of a supporting ball, all together throwing a

horizontal pressure on the ball F. A similar series of balls is

shown on the opposite of the ball F, and the whole system of

balls from A to A' is in equilibrium, with no tendency to move.

The whole system, however, is in a position of unstable equi-

librium, and will move if the lightest pressure is applied to the

ball A in the direction of the arrow. If the balls were infinite

in number, and the size limited, but with an infinite number of

variations of diameter within the limits, the various local press-

ures would be balanced, and the mass would have the mobile

property of a liquid.

The actual movement of the upper system of balls would result

in a movement of revolution in each of the balls. Assuming
that the friction of the lower ball would cause each one of the

upper balls to revolve, the surfaces in contact in the upper

system would move in opposite directions, as shown by the

arrows iu the balls B and C. This friction would depend upon
the material, the smoothness of the surfaces, and the lubrication

of the balls, and can be likened to that property of a liquid

which is known as viscosity.

Under compression each ball of a mass of various sizes would

have the resultant of all the pressures on it at its centre, and

consequently would be in a position of equilibrium ; but should

the enclosing envelope change in form or capacity, a change in

the direction of the pressures would take place ; first, in the

balls nearest to the movement, then iu the adjoining ones, the

balls severally moving in the direction of least resistance, until

the resultant of the pressures again' came in the centre of each

ball.

If the mass of balls were all of one size they would interlock

in a manner analogous to the illustration in Fig. 228, where a

series of balls is shown, with a set of the same size resting upon
48



754 A NEW MECHANICAL FLUID.



A NEW MECHANICAL FLUID. 755

them, iuterlocked iu the spaces of the lower set. If a pressure

iu the direction of the arrow is applied, it must raise each ball,

and the pressure required would be in proportion to the dis-

tance, or to the number of balls moved. This rigidity resem-

bles the property of a solid.

If these balls of equal size had different coefficients of expan-

sion bv heat, it could be imagined that at some higher tempera-

ture these balls would become of different sizes, when they would

cease to interlock, the mass becoming a fluid above that tsm-

perature, a property analogous to the melting point of a solid.

If the balls had different coefficients of compressibility, a great

pressure on the mass might change the relative diameter of the

balls enough to change the solid mass to a fluid.

A mass of balls of various sizes, under pressure, does act like

a liquid, as we have ascertained by testing in various ways. On
the table, at the reading of the paper, is to be found a connect-

ing rod of full size fitted up to be adjusted in this manner, just

as it is used in practice, and also a model with a glass front and

a spring piston, wdiich permits the individual motion of the steel

balls to be seen when the adjusting screw is turned. The mass

is kept mobile by putting sufficient pressure on the movable

piston.

Fig. 220 is an elevation, and Fig. 230 is a cross-section of a

solid-end connecting rod, having an annular brass bushing with an

opening, in order that adjustment for wear can be made. One
side of the bushing is held in place and adjusted by the pressure

of a mass of hardened steel balls, varying in diameter from one-

eighth to one-quarter of an inch. Between the bushing and the

balls is a thin plate of hardened steel to prevent the balls from

indenting the softer metal. The adjustment for wear is made
by forcing the mass of balls forward with a hardened steel

adjusting screw. (Fig. 231.)

When the wear has become so great that the range of the

adjusting screw has been exhausted, a few more balls are inserted

under the point of the screw, and an adjustment of the bearing

made as before. On the crank end of the rod, the adjusting

screw is on top, but on the cross-head end it is on the front

side, clear of the cross-head, where the adjustment is as con-

veniently made as it is on the crank end.

We have been running last year forty bearings of this

type in various plaees, in the East and in the West, work-
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ing with steam-boiler pres-

sures of from 80 to 16 ) lbs.,

giving pressures per square

inch of projected area of the

pins ranging from 600 to 1,000

lbs. The pressure on the balls

per square inch is about 50^

greater. If we assume that

the balls are about one-eighth

of an inch in diameter, and

that 60 balls are in contact

with the bushing on each

square inch, the pressure sus-

tained by each ball would be

from 15 to 25 lbs. Assuming
that the elastic limit of the

steel in the connecting rod

shown is 30,500 Ibs.persquare

inch, and that the hardened

steel balls have a pressure of

25 lbs. on each one, we would

expect that each ball would

imbed itself in the steel envel-

ope until the area sustaining

the pressure was strained to

the elastic limit. This area

would be jo^-o o^ ^ square

inch for each ball, Avhich is

almost exactly equal to the

area of a circle j^^ of an inch

in diameter. At first the

bearings require frequent ad-

justment, but the balls soon

get in a fixed position, and

then they need adjustment

for the wear of the bushing

only. The adjustnuMit of

these bearings is apj)arontly

as delicate and positive as

though a licpiid was used.

In cases whore the adjusting
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screw wfts purposely made to turn freely, the adjustment could

easily be made by the thumb and fingers, and if care was not

us I'd too great a pressure on the pin would result.

The connecting rod for a 10-inch diameter cylinder steam

engine here shown is a steel casting made by I. G. Johnson &
Co., fitted with an adjusting screw having fourteen threads to

an inch, and a pressure area of balls on the bushing eighteen

times the area of the screw. If the screw is turned with a force

of 25 lbs. on an 8-inch wrench, the friction of the screw absorb-

ing 25 1 of the force, the pressure on the bushing would be over

50 tons. While this pressure might be used in other applica-

tions of this novel fluid that have been proposed, it was clearly

out of place in connecting-rod bearings, and we now make the

head of the adjusting screw of such a form that an ordinary

wrench cannot be used, and the adjustment made only by a

spanner which will, by its peculiarity, remind the engineer that

care is necessary in the adjustment.

DISCUSSION.

Mr. George I. Bockivood.—I would like to ask the author of the

paper how he thinks this method of adjustment would apply to

large engines?

Mr. Hunt.—Whether this device would act more favorably on

large bearings than on small ones I do not know. It was a new
thing, and we put it on some engines to try it and see how it

would work. It has worked very nicely in the way of being fluid.

By moving the adjusting screw of the model backwards and
forwards to adjust the bearing you will see the balls adjust them-

selves into position, and frequently see the whole of the balls

move around in a circle something like a whirlpool. I see no
reason, however, why for large bearings it would not be especially

efficient. The larger the bearings the more efficient it should be,

because the balls would be relatively smaller.

Mr. W. S. Rorjers.—While discussing the question of balls for

packing and adjusting purposes, I have used bird shot for the

past twenty years, at various times, for packing stuffing boxes
of engines and steam-pumps, and don't know of a better thing on
earth. I have also used it on the piston rods of both air and
steam cylinders, of air-brake pumps on locomotives, and it is

used by many others with best results. I never heard it
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called a mechanical fluid before, but think Mr. Hunt has rightly

named it.

Mr. Rockwood.—For my part, it appears to me that not only

is this adjustment a thoroughly novel thing, but that the limit of

its adaptability is not really hinted at by the application that we
have here ; for it must be much cheaper and handier than an

ordinary strap, gib, and key connection, and should find a wide

application in valve-rods and connecting rods such as are now
provided with non-adjustible bushings, a style made so prevalent

by competition in, for instance, pumping machinery. Those of

us who have watched the operation of a modern high-duty, direct-

acting pump have, no doubt, often been tempted to step up and

wriggle the valve-gear connections with a view to learning the

limit of lost motion in the bushings deemed allowable before the

connection is condemned. It is often a wonder, indeed, that

the valve-gear can have an appearance so drunken and yet keep

up the regular operation of the pumps. It seems to me here is a

good place for the application of this stub-end, and possibly it is

applicable to much heavier bearings. I look to see this invention

liave a wide application.

Mr. John A. Brashear.-^li may be interesting to recall that

Dr. H. Draper made experiments, in 1863 and 1861, on the flow of

small balls through an orifice, and found their action was exactly

like a liquid except this : Say you fill a cylinder ten feet high, the

flow is exactly the same when it is nearly empty as when it is

full, and it was found so efficient for obtaining smooth and regular

movements in celestial photography, that he used such a driving

mechanism for quite a long while very successfully. The balls

flowed through an orifice exactly the same as a liquid, except

that the rate was not affected by change in the height of the

column.

Mr. Hunt.—I would like to say in reference to the peculiarity

mentioned by Mr. Brashear, which is very interesting, that it is

probably caused by the friction of the balls underpressure against

each other and against the envelope from which they flow. The
friction of the balls against each other is quite a material amount,

and it is spoken of in the paper as similar to viscosity. I think

that the lack of increased flow by increased height was caused

by the friction of the balls on each other and on the orifice from

which thev flowed.
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DLXXXIX.*

CYLINDER PROPORTIONS FOR COMPOUND EN-
GINES DETERMINED BY THEIR FREE EXPAN-
SION LOSSES.

BY FRANK H. BALL, NEW YORK CITT.

(Member of the Society.)

At the Chicago meeting of this Society, forming part of the

International Engineering Congress, a paper was presented en-

titled " Compression as a Factor in Steam-Engine Economy," t

in which a theor}* was elaborated for measuring and harmoniz-

ing the free expansion losses at both ends of the diagram. In

the paper referred to it was also suggested that this system of

measurement might furnish valuable information as to the rela-

tive losses from free expansion in the several cylinders of com-

pound engines, and the Society was promised a paper on this

subject at a future meeting.

In offering this paper as a fulfillment of that promise, the

author is aware that he is widening the application of a law

suggested in the former paper, which law was not as generally

accepted as had been anticipated. This scepticism on the part

of some of our leading members fortunately led to a series of

experiments, since conducted at the Stevens Institute of Tech-

nology, which experiments are the subject of a paper presented

at this meeting of the Society by Prof. Jacobus who conducted

the experimental work. The results as reported seem to con-

firm the law in question, and it is therefore with greater confi-

dence that its further application is here made.

To make this application, let it be assumed that cylinders are

to be selected for a triple expansion engine, where the boiler

pressure is 150 lbs. above atmosphere, and the vacuiim gauge

shows 26 inches. Allowing for wire drawing, let it be assumed

that the initial pressure in high cylinder will be 160 lbs. abso-

* Presented at the Montreal meeting (June, 1894) of the American Society of

Mechanical Engineers, and forming iiart of Volume XV. of the Tran/tactions.

f Volume XIV., Transactions American Society Mechanical Engineers, page 1067.
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lute, and the back pressure in low cylinder 3 lbs. absolute. The
total range of pressure is therefore 157 lbs., and the corre-

sponding range of temperature 221 Fahr.

The object of compound engines being to reduce cylinder

condensation by dividing the range of temperature judiciously

between two or more cylinders, the first step is to decide

through what range of temperature each cylinder shall work.

In doing this, the desirability of a tolerably uniform division of

work beween the various cylinders forming the system must not

be overlooked, although it cannot be considered good engineer-

ing to impair the economy of^the engine materially to accom-

plish this result, as each engine of the system may be built to

carry any load found desirable to put upon it. If the range of
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temperature is divided equally between the three cylinders in

the proposed engine, the greater internal surface of the low

cylind(^r would warrant the expectation of greater cylinder cou-

densaiion than in the smaller cylinder, and if so, the total con-

densation can be reduced by giving the low-pressure cylinder

less range of temperature and the high cylinder move.

Cylinder condensation in this investigation, whether consid-

ered relatively or collectively, must be made to include the

steam consumed in the jackets of each cylinder, if jackets are

used. Whatever may bo true in regard to the best range of

temperature for each cylinder, the logic of what is to follow will

apply with equal force, and therefore, for the puri)ose of illus-

tration, it will be assumed that the temperature is to be equally
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divicleil. This will require that the high cylinder works between

IGO lbs. absolute and 57 lbs., the intermediate between 57 and

16 lbs., and the low cylinder between 16 lbs. and 3 lbs. absolute

pressure.

Fig. 234.

Figs. 232, 233, 234 and represent theoretic diagrams between
each of the three divisions of pressure mentioned. In each case
" V F" represents the vacuum line, and "XX" the atmos-

pheric line, and in each case "A F"" represents the piston

travel. The clearance is assumed to be ^% of the piston dis-

placement, as indicated. For convenience in constructing the

curves and measuring their enclosed areas, the following scales

have been chosen :

Fig. 232 Scale 50 lbs. to the inch

Fig.2.33 ' 20 " " " "

Fig. 234 " 5" " " '
=
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In each case "A BCD" represents a theoreticallj perfect

diagram, so far as free expansion is concerned, because expansion

is carried to the line of return pressure, and compression fills

the clearance space to initial pressure. It is hardly necessary to

say that the curves here shown are Mariotte curves, and not

Adiabatic, as the latter are seldom used and are considered an

unnecessary refinement in this investigation. The successive

curves in each diagram, which follow the curves "Z> C," repre-

sent later points of cut-off, and they are continued beyond the

limits of piston travel until they intersect the line of return

pressure. The areas of enclosed spaces are indicated by figures.

Thxis in Fig. 234, the area of the theoretically perfect diagram "^

B CD " is 2.6S inches, and "i>* B^ C, CB " is .90 inches, etc-

The next step is to determine the best point of cut-ofi" for each

cylinder. In this investigation each cylinder must be considered

separately, and treated as though it was a single cylinder engine

working between the limits of pressure indicated, and it may be

asserted without fear of successful contradiction that if any

cylinder of a compound engine is not realizing the highest econ-

omy obtainable from a single cylinder engine working between

its limiting pressures, then the engine as a whole is falling short

of its possibilities. It is also true that if because of cylinder

condensation it is not economy to expand to the line of back

pressure in a single cylinder engine, the same is true of every

cylinder of a compound engine, it being only a question of the

degree of free expansion permissible in each case.

To those who believe that there ought to be no " drop " in

any of the cylinders of a compound engine except the low, the

foregoing will seem rank heresy. They argue that if there is

' drop " in the high cylinder there is free expansion waste, and

by earlier cut-off in the low cylinder the receiver pressure may
be raised until the drop in high cylinder disappears, thus elimi-

nating free expansion and improving the economy of the system.

This is a plausible fallacy which represents only one side of the

(juestion, the other side being that by raising the receiver pres-

sure the range of temperature is increased in the large cylinder,

thereby increasing the cylinder condensation in this cylinder

without effecting a corresponding reduction of condensation in

* For convenience of publication, the diagrams of Figs. 333, 2:i3, and 234 liave

been reduced in .sizo, and therefore, wiiii(i tlio areas remain relatively the same,

the figures given are the actual areas of the original diagrams.
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tlie smaller ovliuder. Looking at this question from another

point of view, let it be admitted for the moment that the econ-

omy of the engine will be improved by raising the receiver pres-

sure until the " drop " in high cylinder disappears. Then
considering the high cylinder alone, we have a diagram in which

expansion is carried to the line of back pressure, which cannot

be considered the most economical diagram from any engine

whose internal condensation is not in proportion to the steam

used, which is the recognized condition of all steam engine cylin-

ders. Therefore the economy would be improved by using a

cylinder of smaller diameter, with less exposed surface for con-

densation and necessarily some " drop " at exhaust opening.

Then if it is true that better economy will be realized by raising

the receiver pressure again to eliminate the drop as before, it

only requires a few successive stages of this development to dis-

pense with the high cylinder altogether, completing the whole

expansion in the low cylinder, and at the same time improving

the economy at every step in that direction, reaching the highest

economy when the low cylinder covers the entire range of expan-

sion and the engine becomes a single cylinder engine instead of

a compound. To those who still adhere to the belief that what
is true of one cylinder of a compound engine is not true in any

degree of the others, and that one cylinder of an engine may be

wasteful in its preformance, without affecting the aggregate per-

formance of the system, the reasoning of the following pages

will not be convincing. To those who believe that each cylinder

must realize the most economical performance for a single cylin-

der working between its limits of pressure, and believe also

that cylinder condensation makes it impossible to obtain this

by expanding to the line of back pressure in any cylinder, the

method of investigation which is to follow will be of inter-

est.

Referring again to Figs. 232, 233, and 234, let us first investi-

gate the low-pressure cylinder represented in Fig. 234 as being

in some respects the most important one of the system. If 3 lbs.

absolute be assumed to be the back prassure in this cylinder, the

diagram 'M B C I) " represents full and complete expansion,

and will correspond with the highest economy of this cylinder if

there was no condensation, or if cylinder condensation was a

uniform per cent, of the steam used. This diagram, carrying

expansion to 3 lbs. absolute, represents a total of more than 53
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expansions in the system, whicli is recognized as being far be-

yond the economical limit. Following the successive expansion

curves from " B^ B„ B^ B^" it will be seen that " 7j," adds an
area to the useful diagram of .9 inches, or more than 5 of the

area of " ^l B C i9," and the free expansion loss occasioned by
this curve is only lO'i of the useful area that has been realized.

This loss is represented by the area of " C, E^ 6'." Substitut-

ing curve " B^ C, " for " B^ CJ' the further addition of useful

area is only .78 inches, which is accompanied by an addi-

tional free expansion loss of 29,:^ of this amount, and in the same
manner "i?, C" only adds .66 inches of area with a loss of 57^,

and finally "^, (?/' with a useful area of only .56 inches entails

a loss of 857o of this amount in consequent additional free expan-

sion. As between ^^B" and "B^' then, it is not likely that an

amount of cylinder condensation is ever found in practice that

would make it economy to add this last area to the diagram with

its enormous free expansion loss ; and the terminal pressure of

"C^," representing 22 expansions in the system, is, therefore,

probably too high, and we must look for the best results

between 22 expansions corresponding to "6^/' and 53 expansions

due to terminal " (7."

If the exact amount of cylinder condensation due to each of

the five points of cut-off was known, the indicated areas of the

diagrams would furnish the data necessary to determine at once

the exact point of cut-off where the highest economy would be

realized, and just to the extent that we are able to correctly

estimate this cylinder condensation, will we be able to determine

correctly the best number of expansions in each cylinder and in

the system. It must be here understood that it is not intended

in this paper to determine absolutely the best cylinder ratios or

the best number of expansions for the conditions that have been

assumed because of the lack of exact data regarding cylinder

condensation, but it is the purpose of the author to show that

by this method of investigation even an approximation of the

cylinder condensation enables the engineer to decide the ques-

tion of cylinders with a comparatively small limit of possible

error, and this error may be reduced toward zero just in the pro-

portion that the truth regarding cylinder condensation is known.

To illustrate the manner of applying this knowledge with the

use of the diagrams of Figs. 232, 2;}8, and 234, various amounts

of cylinder condensation will be assumed and the problem
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worked out for each case. Before doing this it may be interest-

iuj:; to uote the relatively greater wastefulness of free expansion

in the low-pressure cylinder than in the others. Referring to

Fig. 234, the removal of the point of cut-off from "/i" to "i?„"

adds to the useful diagram the area of '' B B^ C, C B"" equal

to :?.90 inches. The free expansion of 4 lbs. at "(7/' results in

a loss of useful work represented by the area of "6*^ £', C" equal

to 1.18 inches, or about 41^ of the former. Referring to Fig. 232,

representing the high pressure cylinder, and repeating the same

calculation, the area of useful work of '^ B B, C, (7/>" equals

1.78 inches, and the drop at " C" of 40 lbs. causes a loss repre-

sented by "C, E^ (7" equal to .78 inches area, or about 41^ of

the useful work in this case also, so that by comparing the two

we see that in both cases the useful areas of "i? B^ C^ OB"
are accompanied by a free expansion loss of about 41^, but in

the low-pressure cylinder the terminal drop is only 4 lbs. as

against 40 lbs. in the high cylinder.

The foregoing ought to furnish food for thought to the engi-

neer who is chiefly concerned about preventing drop in the high

and intermediate cylinders. Referring again to Fig. 234, and

resuming the consideration of cylinder condensation, let us

assume certain quantities to represent this cylinder condensa-

tion, and thus illustrate the manner of applying more exact

knowledge on this subject. It is evident that the conditions

which make late cut-off desirable are large condensation and
a constant quantity at every point of cut-off, and the reverse

conditions, viz : small condensation, varying for each point of

cut-off, would call for early cut-off. In illustrating this subject

two rather extreme conditions have been chosen ; one where
the cylinder condensation is assumed to be 25^^ of the steam
accounted for by the indicator at latest point of cut-off, and this

amount to remain undiminished at the earlier points of cut-off,

and the other condition where cylinder condensation is assumed
to be only 15;^ instead of 25;c as above, and to decrease at each
of the earlier points of cut-off in the following manner ;

14^ when cutting off at B3
1Z% " •' " " Bi
12% " " " " Bi
11% " " " " 5

Fig. 235 gives a graphic illustration of the effect on the econ-
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omy of the low cylinder produced by the two assumed conditions

as to cylinder condensation. Referring to Fig. 234, the steam

accounted for by the indicator at latest point of cnt off may be

represented by the area of "A B^ E^ D A,'' which equals 6.78

square inches. If the steam condensed on entering the cylinder

is 25,'» of that acco-nnted for by the indicator at latest point of

cut-off it may be represented by 25,^ of the area 6.78" = 1.69".

Areas of UBeful diagram In square inches.
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Pig. 235.

This last area then, under the assumed conditions, will be a

constant loss at every point of cut-off. An additional loss by

free expansion occurs at every point of cut-off later than "B."

These free expansion losses are represented by the indicated

areas beyond the limits of piston travel, which combined with

the area representing condensation, and compared with the areas

of useful diagram, produce the curve " .4 C " (Fig. 2^5) in the

following manner. Measurements on abscissa correspond to

the usciful areas of diagrams at the five points of cut-off indi-

cated. Measurements on ordinates are obtained as follows :^'

For cut-off " Z?" the area of useful work is 2.68 inches, and

the assumed constant loss by condensation of 1.69 inches makes

* Thi.s mothod is fully ilhi-itiiitod on piigo No. 1007, Vol. XIV., Traiisactiom

American Society Mechanical Enyinecrs.
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the total area due to the steam consumed equal to 2.68 inches

--- l.G'.» inches — 4.37 inches. Of this amount the area acLually

realized, '2.08 inclies, is 61.3'», which is measured on ordinates

and establishes the point "i5." For cut-off "^,," in the same

manner as before, we have useful area of

" AB, C. C I) A" 3.58 inches

Free expansion of ' Ci E, C " 09 "

Assumed condensation 1.69 "

Total area due to steam use.l at cut-off " B/' 5.86 inclies

Of this area only 3.56 inches has been realized, or 66.7^,

which establishes point ''
B" on curve ''A C" (Fig. 235). The

succeeding points on this curve are found by the same process,

using the indicated areas at each progressive step.

Curve "Z) E" is produced by the same method, the oul}'

difference being that the smaller and varying condensation is

assumed; thus, instead of the constant area of 1.69 as assumed

m curve "A C" the condensation is supposed to be represented

by the following areas :

.74 inclies for cut-off " B "

.81 " " •' "B,"

.88 " " " "B2"

.95 " " " -63"

1.02 " " " " 1^4"

These quantities are substituted for the constant quantity,

1.69 inches, used with curve "A 6"' and the result is curve
" D Er
From an examination of these curves it appears that with

the conditions assumed for curve "^ 6'" the highest economy
is obtained at or near cut-off "i?„," while with the conditions

which produce curve "Z^ E^' the highest economy is found

at or near cut-off '•^,."

If the condensation assumed for either of these curves was
known to be correct, then the best point of cut off would at

once appear ; but even without exact knowledge as to conden-

sation, the range covered between the two assumed conditions

is so great that the actual condensation would probably pro-

duce a curve between the two, and if so, then the terminal

pressure at release in low-pressure cylinder of the proposed

engine should not be less than 4 lbs. absolute, nor more than
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5 lbs., ai)d the corresponding mimber of expansions of the system

will not be more than 40 nor less than 32. For the purpose of

keeping the low-pressure cylinder as small as possible, the

fewest number of expansions should be employed that promises

approximately the best economy, and therefore we will select

32 expansions, and the expansion curve in low-pressure cylin-

der will be "/?, c,r

Keferring to Fig. 235, the lower curve assumes the greatest

cylinder condensation, and on this assumption "i^„" appears to

be the best point of cut-off. The condensation here assumed.

Areas of useful diagram In square inches.
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if referred to the area of ''A B^ C, C 1) " will be found to equal -t?^

of the steam accounted for by the indicator when cutting off at

" BJ' which, in view of the cut-off' being later than 1/4 stroke

and the total range of pressure in the cylinder only 13 lbs., is

an altogether improbable amount. It is also equally improbable

that the actual loss by condensation would not decrease slightly

with earlier jioints of cut-off, so that in selecting 32 exi)ansions

for the proposed engine, it is done with the idea of using the

least permissible number that will even approximate the best

ecronomy. Having determined tliat 32 expansions will be ob-

tained in the proposed engine, and that "-^1 B., C, D " of
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Fig. 234 will be the diagram of low-pressure cylinder, we will

next proceed to investigate the intermediate and high-pressure

cylinders.

Beginning with the intermediate, Fig. 233 represents a series of

possible tliagrams between the pressures that have been allotted

to this cylinder, and Fig. 236 represents the economy of each of

these points of cut-off under the two extreme conditions of con-

densation that were assumed in Fig. 235. The method of locating

the points on the curves of Fig. 236 is exactly the same as that of

Fig. 235, merely substituting the areas of Fig. 2,-'3 for those of

Fig. 234, and need not be again explained. Following the curves

of Fig. 236, it appears that for the smallest condensation the

best economy is at or near cut-off " BJ' while with the largest

condensation the best result is with cut-off somewhat later than
" Br Between these two points, then, we must probably look

for the desired point of cut off, and, as before stated, if the exact

condensation for each point was known it could be very quickly

determined. As between this cylinder and the low we may
assume that the condensation will be somewhat less in the

smaller cylinder because of its smaller area of surface. This

would be favorable to earlier cut-off, and the practical limita-

tions as to size of cylinder do not interfere, as is the case of the

low cylinder. On the other hand, free expansion is not a total

loss in either the high or intermediate cylinder, as its super-

heating effect reevaj)orates a certain quantity of the moisture

in the steam, thus delivering to the receiver an appreciably

greater volume of steam than that accounted for by the indi-

cator at exhaust opening if much " drop " occurs. For this

reason, " drop " is less objectionable in these cylinders than in

the low, where no such redeeming feature is found. After due
consideration of these modifying influences, it is not improb-

able that about midway between "^," and "5/' will approximate

the best point of cut-off for this cylinder, and to continue the

illustration of the proposed method, the dotted curve ".5,^ 6',^"

will be selected as the desired curve.

Proceeding in the same manner with Fig. 232, representing the

high pressure cylinder, and what has just been said about the

intermediate cylinder applies to this equally as well. From a

study of the curves of Fig. 237, as representing the performance
of the high-pressure cylinder at the various points of cut-off

under the same conditions as to condensation that were
49
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assumed in Figs. 235 and 236, and keeping in ' mind that

unlike the low cylinder no practical difficulty exists as to its

size, we may with confidence select "B'' as a point of cut-off

that promises approximately the best results that may be ob-

tained from this cylinder.

Areas of useful diagram In square lucbes.
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Fig. 237.

We have now established the expansion curves that we desire

to produce in each cylinder, and to prevent confusion Figs. "iS8

239, and 240 represent diagrams from the three cylinders, in

which only the desired expansion curves appear.

So far, in this investigaticHi, no attention has been paid to

the compression curves further than to state at the beginning

that the compression curves shown are full compression curves

which entirely fill the clearance spaces by compression, and rise

without interruption to the initial pressure of the diagrams.

Under no condition can these curves be the most economical,

unless it has been shown that the best economy is obtained bj-

expanding fully to tlin line of back ])r(^ssure, as "7^ T" (1' igs. 282,

233, and 234 \ Followii:g the law relating to compression curves,

suggested in Vol. XIV. of the Tvunmrl'um^ of ilie Anicriiucii

Society of Merhonval Enf/iiiccry, pag(^ 1070, tlie curves // F
have been produced as the compression curves in each case tliub
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correspond with the expansion curves that have been adopted.

The completed diagrams, then, as sought to be produced, are

represented by full lines in Figs. 238, 239, and 240. The next

step is to ascertain the ratio of cylinders which will produce

these respective diagrams, and to do this the diagrams must be

compared as to the relative volumes of steam which they indi-

cate. A very convenient graphical method for doing this is

the following :
*

G
N A Bi

f

\»
i \

i Scale:50^ \
i M. E. P. 65.05 \

_Ci

H D c ^'

Fig. 238.

First, continue the compression curves "H F" of Figs. 239 and
240 to the line of highest pressure of each diagram, as shown.
Next continue the expansion curves of Figs. 288 and 239 to

the intersection of the line of lowest pressure of each diagram,

as shown.

Assuming that the lengths of these diagrams representing the

piston travel are the same, and that the line " G B^" in Fig. 240

* The anthor is indebted to liis Kon, B. C. Ball, member of the class of '95 at

Stevens Institute of Technology, for this method, which is believed to have beeu
original with him.—F. H. B.
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represents the same pressure as the line "// ^u" (Fig. 239), it is

only necessary to compare the length of the line '^G B," with

"li ^ij," and the inverse ratio will be the ratio sought. Thus,

in this case, the line ''G ///' measured, with a scale of 100 to the

inch, measures 92, and in the same manner ^\II E^' measures

368, therefore the ratio of the intermediate to low cylinder

will be -^ = 4.

By the same method "(? B^" (Fig. 239) measures 104, and

=-E,j

"// E" (Fig. 238) = 342, and therefore the ratio of high to inter-

343
mediate cylinders will be ^. = 3.3.

Reviewing these figures wo have the ratio of high to inter-

modiats 3.3, and of intermediate to low 4, and consequently of

high to low 13.2.

It sometimes may be more convenient in measuring cylinder

ratios by the method just described to extend both the com-

pression and expansion curves of the lower diagram upward to

the lino of terminal pressure of the next higher diagram, and

use this line for measuring the ratios. The result will be the

same in cither case.



CYLINDER PROrORTIOXS FOR COMPOUND ENGINES. 773

If tliese ratios are iiseJ, and the valves of each cylinder are

set to give the steam distribution indicated, the actual diagrams

from the engine will approximate very closely to those of Figs.

238, 239, and 240, except as they may be slightly modified by

cylinder condensation. Where steam-jackets are used, the loss

by cylinder condensation after cut-off in high-pressure cylinder

is largely restored by heat from the jackets, so that frequently

no allowance need be made in the ratios of cylinders for this loss.
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With unjacketed cylinders a progressive deficiency will appear

in eacli successive diagram of the system as compared with

the theoretical diagrams, unless an allowance is made in the

cylinder ratios to compensate for the progressive loss occa-

sioned by condensation in tlie cylinders.

Continuing the study of the diagrams of Figs. 238, 239, and

240, the same diagrams appear in Fig. 241, reduced to the scale

of the high-pressure diagram, and in Fig. 242 they are reduced

in length to correspond with the respective cylinder ratios, thus

representing the total expansion referred to the low-pressure

cylinder.

The mean effective pressures of these diagrams are as follows :

High cylinder 6'~> <'i> ''>'^-

Intermediate cylinder 24.40 lb.«.

Low cylinder ... 7.55 lbs.

Or, referred to the low cylinder, as follows

:
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High cylimier 4.96 lbs.

Intermediate cylinder 6. 10 lbs.

Low cylinder 7.55 lbs.

Total 18.61 lbs.

These figures show a progressive increase of indicated work

in each cylinder from the high to the low.

A more even division of work would be obtained by decreas-

ing the range of pressure in the low cylinder, and increasing the

range in the high. It has already been suggested, that because

of the relatively larger area of surface of the low cylinder, a

modification of this kind would probably reduce the total con-

densation ; therefore it seems desirable that such a modification

should be made, but the work will not here be reviewed for that

purpose.

GENERAL CONCLUSIONS.

First, that in current engineering too few expansions are

obtained in compound engines for best economy.
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Second, that with 150 lbs. pressure and a good vacuum at

least 32 expansions should be realized in a triple-expansion

engine.

Third, that the cylinder ratios ordinarily used are too small,

because they give too little " terminal drop " in the high and

intermediate cylinder for best economy.

Fourth, that too little attention is given to the compression

curve, which should be determined b}^ the expansion curve, and

should never reach initial pressure.

The foregoing is submitted with the full knowledge that the

conclusions may not be generally accepted because of a very

commendable disposition on the part of the members of our

Society to take more kindly to demonstrated facts than to

theory, even of the most plausible kind.

While waiting for the verdict of future experiments the author

will still further risk his engineering reputation (if he has any)

by venturing the prediction, that, when under the conditions

assumed on the foregoing pages as to boiler pressure and

vacuum, a triple-expansion engine shall be provided with cylin-

ders proportioned to produce approximately the final diagrams

of the series in respect to the number of expansions, the

terminal drop, and the compression curves, or such slight

modification of them as may be suggested by the line of reason-

ing that has been followed, then a horse-power will be developed

from 11 lbs. of steam per hour.

DISCUSSION.

Prof. J). S. Jacobus.—Starting with Mr. Ball's statement that

the distribution of steam should be such that each engine Avorks

to tlio best economj^ between the particular range of pressures

selected, which is very nearly so, it remains to determine what

should be the distribution in order to obtain the best effect in each

enoine. Here wo do not possess enough exi)crimental data to pro-

ceed with certainty. Tiic high back pressure in tlic high-pressure

cvlinder of a triple engine bi-ings in an element which makes the

case different from that of an engine exhausting against atmos-

])heric pressure, so that it cannot be said that the drop at the end

of expansion should be the sanu^ as for an engine working under

the latter set of conditions. Again, in a triple engine where there

is no drop at the end of the expansion lines in the high and inter-
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metliate cylin(ler^;. the points of cut-off in these cyliiulers occur at

a later |X)int of the stroke than that which has been found by

tests to give the best economy for atmospheric back pressure.

Mr. Ball, therefore, adheres to one condition found to be econom-

ical when an engine exhausts against the atmosphere, but departs

from other conditions, so that no definite conclusions should be

drawn.

For example, we find in tests made b}^ Dr. Charles E. Emery ""

that for a pressure of 30 lbs. above the atmosphere the point of

cut-oiT for the maximum efficiency of a non-condensing engine

occui-s at about .3 of the stroke. This result practicallv agrees

with that found in tests made by Professor Denton and myself,

of a 17x30 inch Hand compressor engine used in the construction of

the New Croton Aqueduct, in which a few tests were made at

30 lbs. initial pressure. In the Sulzer engine tested b}' Professor

Schroter, the Milwaukee engine tested by Professor Carpenter, and

in the Laketon engine tested by Professor Denton, the initial pres-

sure was about 30 lbs. above the atmosphere, and the points of

cut-off occurred later than at .3 of the stroke, so that if steam

were admitted for a greater portion of the stroke, in order to pro-

duce a drop at the end of the expansion lines, the points of cut-off

would depart still farther from their positions for best economy
with atmosjiheric back pressure. The same reasoning applies to

the points of cut-off in the high pressure cylinders.

It is a fact that in some triple engines the best results are

obtained with a load that produces considerable drop in the high

and intermediate cylinders. This was the case in a triple expan-

sion engine of over 250 IT. P. in use in one of the Edison Company's
stations, which was tested by myself at several loads. In this

engine the clearance spaces were large, and may have affected the

results obtained.

The fact that a particular engine gives the best results when the

load is such as to produce a drop in the high and intermediate

cylinders, does not, however, prove that such a distribution is desir-

able, for it may be possible to employ another engine to do the

same work with a greater economy.

This discussion is presented not as a criticism on the work done

by Mr. Ball, but simply to show that to maintain his position

there is a need of further experiments. Mr. Ball, some time ago,

* Transactiong, Vol. X., p, 233.
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kindly placed one of his engines at m\" disposal, and constructed

special attachments for use in verif3'ing one of his theories, and

the outcome is the paper on the effect of compression presented at

the present meeting. If we can so arrange, I will gladly under-

take tests to demonstrate the truth or falsity of the theory he now
presents for some given set of conditions ; but the demonstration

of the principle, as a whole, can only be accomplished by compar-

ing careful tests of full size engines in actual service.

3fr. F. 11. BallT"—In considering this paper it must be remem-

bered that the object sought is not to determine absolutely at this

time the best cylinders for the conditions that have been assumed,

but to illustrate a method by which, with the necessary data in

reo-ard to cylinder condensation, the Avork can be systematically

and scientifically done ; and that, even if we guess at the cylinder

condensation, we can do better than to guess at the cylinders

Avithout any particular method, as many of us do. Some general

conclusions from the facts that are presented, must be accepted,

even by the most sceptical. For instance, with the demonstration

before us that a terminal drop of 40 pounds in the high cylinder

results in the same proportionate loss b}^ free expansion that

accompanies a terminal drop of four pounds in the low cylinder;

with this fact in view, no possible condition can be assumed that

will permit of no drop in the high cylinder, and a great drop in

the low.

As to the best relation between these cylinders in regard to the

terminal losses, Pj'ofessor Jacobus is right in saying that nothing

but experiment will settle this question satisfactorily, but I antici-

pate that the result of experiment will fit the conclusion theo-

retically reached by the method of investigation under consid-

eration.

I am glad to report that, in addition to the ex])eriments proposed

bv Professor Jacobus, there is reason to believe that the subject

will be still further investigated under the direction of Professor

Barr, at Sibley College, and also at the McGill University of

Montreal, by Professor Nicholson. Both of these institutions

have quadruple expansion engines admirably arranged for experi-

ments of this kind, and the Society may look forward to some

interesting data from these sources.

* Author's closure, under the Rules.
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DXC*

THE THEORY OF THE STEAM-JACKET; CURRENT
PRA CTICE.

METHOD OF ACTIOX AND THE SOURCES AND LIMITS OF

EFFICIENCY.

BY R. H. THURSTON, ITHACA, N. T.

(Member of the Society and Past President.)

" J'ai dejd dit que les effcts de I'envcloppe, ou chemise a vapeitr de Waft,

pir exemple, acaient ete alternatioement prouves ou nies sans que le public parvint

a satoir a quoi sen tcnir 8ur la rialite des choses."—HiRN.f

Introductory.—lu an earlier paper the writer presented to

the American Society of Mechanical Engineers a summary of

facts and current opinion gathered by him from authorities

among engineers designing or constructing steam-engines, and

among men of science making investigations of the principles

and operation of the steam-engine their special task, and col-

lected on both sides the Atlantic by correspondence or study of

accessible literature.^ No attempt was made to summarize the

conclusions derived by these distinguished authorities, nor to

recoucile apparent differences of experience or of opinion. It

was considered wisest to permit the record to stand simply as

representative of the opinions of the best authorities of the

time, and to allow every reader to draw his own conclusions.

It was, however, found that there existed a substantial unanim-

ity of opinion among those best qualified to express their views,

whether from the standpoint of experience, as derived by long

periods of occupation in designing and constructing, by engi-

neers whose reputation had been built up by years of success

in construction, or from that of the man of science, obtaining

* Pres'-nted at the Montreal meeting (June, 1894) of tlie American Society of

Mf'chan'f al Engineers, and fnrmins^ part of Volume XV. of the Transactions.

+ The/rii Merardque de la Ckaleur, 187G, vol. ii., p. 81.

* Irarmactioris American Society Mechardcal Engineers, vol. xii. ; Nov., 1890;

No. ecu XXXV.
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bis facts by the study of the principles involved, and by the

experimental investigation of the action of the steam jacket

under the various conditions of usual joractice.

European engineers and investigators almost unanimously,

and the best-known and most successful engineers in the United

States generallj^ though with less unanimity, are convinced that

the steam-jacket of James Watt has precisely the place and pur-

pose and fully the relative value assigned it by its famous

inventor. It is used very generally in the practice of Great

Britain and of the continent of Europe, and much more com-

monly in the United States, especially in the construction of

pumping-engines and other slow-moving engines, than has been

usually supposed. The replies to the interrogatories of the

writer, as given by the best-known and highest authorities, may
be condensed into the statement made by him, at an earlier

date, in discussing the theory and operation of the multiple-

cylinder engine :

*

" Steam-jacketing is a common partial remedy for waste. By
surrounding the steam-cylinder with the steam-jacket it is

possible to produce, in part, the effect of superheating ; that is,

to secure dryer steam in the engine throughout the stroke. The
amount of reevaporation during the period succeeding cut-off

and up to the closure of the exhaust-valve, and the quantity of

heat of which the cylinder is thus robbed, measure the amount
of initial condensation and waste, and fix the weight of stearn

which must be supplied in excess of the thermod3'namic de-

mand, to compensate that loss. The effect of the addition of a

steam-jacket depends upon the conditions of operation of the

engine, largely, and may be productive of marked advantage,

or, under unfavorable conditions, of no important useful effect.

. . . High-speed engines derive less advantage from its ap-

plication than slow-moving machines ; and compound or multi-

cylinder engines are less dependent upon it for economy than

* Trnnsactiona American Society Mechanical Engineers, Nov. 1889; No.

CCCXLII., " Philosophy of the Multiple-Cylinder SteamEn<;ine."

See, also, Coura de Machines d Vapeur. Toine II., cli. xxxiv., xxxv.
;
par

M. Ilaton de la Gonpilliero ; Paris, 1891.

A most cliihorate nialliematical discussion of the Hirn experiments at Logel-

bacli, and others, hy M. l.eloutre, msiy be found in the Mhnoirea de la Societidcs

IngenieuvH Civils, for September, 1892, and nnother of almost equal extent, rela-

tive to thosteaui-jacliet, in Lodieu's Nouvelle ThSorie EUmdntairc drs Machinct a

Feu ; Paris, 1882; p. 383 et seq.
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are simple eugiues. The saving effected in ordinary cases,* by
its use, may be taken as averaging about 20^1; ; and about the

same gain is attained by effective superheating within the usually

practicable range."***** -x- ^

" It is also seen that any conditions which may make it unde-

sirable, as a matter of finance, to jacket the simple cylinder,

would make it still less desirable in the compound or multiple-

cylinder engine. As piston speeds are increased, for example,

the necessity of the jacket decreases, and the limit at which it

will pay to dispense with it is sooner reached in the multiple-

cylinder than in the single-cylinder engine. It is this prin-

ciple which justifies the now not uncommon practice of omit-

ting jackets from marine engines which are driven up to 1,000

feet a minute ; while pumping engines, in which the speed is

always very low, must always be jacketed, if high duty is de-

manded."

The data and results of more or less complete and precise

trials of engines with and without the steam-jacket, as presented

in the first paper above referred to, gave imjDroved perform-

ance, as produced by the action of the jacket, ranging from
an insensible amount to above 30^; the average of about

100 investigations giving the figure 16^b, or, excluding those

representing exceptional and impractical cases, in which
the engine was operated purposely under conditions far re-

moved from those of daily practice, about 20<. Later

experiments with locomotives have shown that it is per-

fectly possible, as the writer had anticipated, to obtain work-
ing conditions under which the jacket would be simply a

perfectly useless and undesirable accessory to the engine. The
information thus collated showed clearly that the value of the

jacket was, as previously stated, greatest at low speeds, and
with simple engines of high ratio of expansion. But, curiously

enough, the experiments of Donkin and of Kennedy with com-
pound condensing engines, at speeds of rotation ranging from 95

to 100 revolutions a minute, gave some of the highest figures for

gain in the whole record, and the later experiments of Professor

Alden, at Worcester, similarly show tbat it is perfectly possible

to secure gains of efficiency of very considerable magnitude, and

" In simple mill engines," is here understood.
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in handsomely paying amount, on even high-speed engines, and

at approximately 300 revolutions per minute. This consensus

of opinion would seem to indicate the conclusion, as derived

by experience, that, where the speed of engine is not great, a

gain of about 15,1^, often 20^, may be expected by the use of the

jacket on simple engines using saturated or wet steam, and

of lOi, to 12/^ on multiple-cylinder engines. In other Avords,

it always pays to jacket such engines— provided the jacket

is properly made and operated. Failure to gain sensibly

in such cases indicates, not that the jacket is intrinsically

useless, but that an inefficient jacket has been applied. A gain

much less than lOfo, for example, in the common pumping engine,

through the action of the jacket, would prove, not that jacketing

is a failure, but that that particular jacket is defective and a

failure.

It is now proposed to study the subject from other points of

view.

The General Principles applying to the case were discovered

to be well-recognized and, often, were very definitely enunciated,

but by none more concisely than by the inventor of the steam-

jacket, James Watt. That great genius discovered the source of

enormous wastes in the steam-engine of his time in the condensa-

tion of large quantities of steam by contact with the cold internal

surfaces of the steam-cylinder at the instant of opening of the

steam-valve, and, in less quantity as the piston moved on, up

to the point of cut-off. This waste has been since made familiar

to modern engineers under the cognomen of "cylinder " or

" initial condensation," and still remains the usually most seri-

ous of the extra thermodynamic wastes of the machine. Watt's

plan for the removal of this source of loss was, as he stated it,

" to keep the cylinder as hot as the steam that enters it." He
endeavored to reduce the activity of the condensing action by

the adoption of the separate condenser, and to check the extent

of that action, so far as it remained, by the use of the steam-

jacket. He employed non-conducting coverings to protect the

cylinder from external loss of heat, and the jacket to check in-

ternal wastes, and reduced the tendency to the latter form of loss

by, as he said, " suffering neither water nor other substances

colder than the steam to enter or touch " the internal cylinder

walls. This enunciation of the principles dictating tho use of

the jacket, often since overlooked by later writers, and in
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some instances, ignored, doubted, or even disputed, by authors

of recognized authority, stands, to-day, as the first and best

expression of the facts and method of jacket-action.

As elsewhere stated by the writer, also :

*

" Combes, in papers presented to and published by the Aca-

ilemie des Sciences, was probably the first to introduce into the

theory of the steam-engine the consideration of that phenome-

non discovered by Watt, to check the wasteful effects of which

the latter invented the steam-jacket. f That author gradually

gave shape to his ideas, as time went on, publishing them in

18-45, and, later, in 1863-G7. He says in his first paper, just

mentioned :
* The utility of the jacket, or, rather, that of heating

the cylinders of steam-engines from the outside, ... is ren-

dered unquestionable, both by direct experiment and by detailed

observation of the phenomena characterizing the action of steam

in the cylinder, and the logical discussion of these observations.'

' Jackets have not for their main result the maintenance of the

temperature of the steam during expansion ; their use consists

in the prevention of refrigeration of the walls of the cylinder

while in communication with the condenser '—probably the

first exact statement of this effect ever printed. He even antici-

pates Kankine and Clausius in one of their most famous dis-

coveries, saying :
' La vapeur d'eau, d Vetat de saturation et en-

tierement seche, se dilatait sans addition ni soustraction dechaleur ; et

nous avoiis montre que Vexpansion est alors aecompagnee d'une lique-

faction partidle de vapeur. C^est a pen pres ainsi que les chases

doivent se passer dans les machines a vapeur ordinaires.'' He then

goes on to describe very clearly the phenomenon of ' cylinder

condensation ;
' but in his later works he seems to have paid

less attention to this action, and may not have fully realized its

importanco ; but his conception of the processes involved in

such wastes, and in the preventive action of the jacket, was
exact and well expressed. This is Carnot's principle.

"In the once well-known experiments of M. Combes (1843) a

Farcot engine was employed under a very light load and with a

very high ratio of expansion—about twenty—the trials with and
without steam in the jacket occupying three or four working
days each. The result was a gain of 36.4;^ by the use of the

* "Autboriiies on the Steam-Jacket;" Transactions American Society of
Mechanical Enf/incers, No. CCCCXXXV., vol. xii., p. 467.

t Comptei-rendut, 1843.
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jacket, tlie steam-consumption falling from 40.40 to 30.15 lbs.

per liorse-power per Lour."

According to Mr. Islierwood, " There was no trace of the

suggestion until the comparatively recent date of Reech, a dis-

tinguished engineer of the French navy, that the surface lique-

faction in cylinders was due to the expansion of steam, and was
proportional, other things equal, to the measure of that expan-

sion."

M. Dwelshauvers-Dery sums up the work of the earlier conti-

nental contributors to the philosophy of the real steam-engine

in a series of papers published from 1878 to 1880,* and sub-

stantially concludes as follows :

As early as 1843, Combes, taking note of the Watt phenome-
non of internal condensation in the cylinder of the steam-engine,

proposed the theory of its prevention by the use of Watt's

steam-jacket, and indicated that the value of the jacket was

mainly to be found in its jyt'evention of this condensation during

the period of admission. He did not consider it as useful

during the period of expansion. Paris, in 1855, reiterates the

views of Combes and of Clark, who had, by that time, published

his work of earlier date (1850-55).

In 1855, Hirn published a complete study of the action of the

jacket, taking a course of investigation which was novel, and

previously unthought of. Every phenomenon was carefully ob-

served and exactly weighed, and the laws manifested noted,

before attempting their explanation. When he had once proved

decisively that the walls of the cylinder were constantly active

as " thermal reservoirs," he proceeded to measure their effect,

and did so approximately. His method was correct, and he

destroyed, utterly, the old idea of the substantial non-conduc-

tivity of the interior of the engine. Accumulating evidence and

facts, he gradually, from 1855 to 1875, effected the complete

conversion of the scientific engineers and physicists to his views

and to the truth. The final overthrow of the older theory was

completed with the close of the memorable discussion of 1883,

in which Hallauer and Hirn and Zeuner took part.

As early as 1851, Lechatolier, Potiet, and Polonceau also in-

dicated tlio method of action of the cylinder-walls, in the process

of waste discovered by Watt, much as did Clark at the same

* Revue Univeraelle des Mines; Lifege, 1878-1882.
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time ; bui: Jid not prove their views by experiment, as did the

hitter. Hirn was the great authority and discoverer in this

fiekl on the continent of Europe, and his work remains, and will

always reuniin, a grand monument to his intelligence, his skill,

his zeal, and his genius.

Perhaps the first writer to consider and compute the effect of

the presence of vat"!- in the cylinder, in the promotion of initial

condensation, and to sIioav that it had precisely the same, and

probably a more active, influence on this waste than even the

metal of the cylinder-wall, was De Freminville.* His discussion

is substantially as follows :

" Suppose the cylinder to contain a certain quantity of water,

and let us see what occurs during a single revolution of the

crank, neglecting, for the present, the influence of the metallic

interior surface of the cylinder, which we will suppose perfectly

inert.

" Let a represent the number of cubic inches of water con-

tained in the cylinder at the end of the stroke
;

" T — the tem]3erature of that water, which will evidently be

that of the entering steam
;

"i = the temperature of the condenser;
" H = the total heat of steam.

"While the cylinder is in communication with the condenser,

the mass of water n, in presence of a vapor of low tension and
temperature, commences boiling, and a quantity x is evaporated,

leaving the water remaining at the temperature t' of the con-

denser ; this remaining mass being n — x.

" Then we have the equation

nT = {n — x) t' + xH ; x = n i-fj r ) . . (1)

" There then remains in the cylinder a mass of water 7i — x
at the temperature / , and at that instant steam enters again

;

coming in contact with the comparatively cold water, it con-

denses to a certain amount x', making the temperature of the re-

sulting mass n — X + x' equal again to T, and we obtain the

following equation of the quantities of heat

:

T — i'

(n - X + x') T = (n - x) t' + x'll; x' = {n — x) ^^^zTt ' ^^^

* Cours de Machines a Vapeur ; Paris, 1862, p. 121,
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But

fH-T\* , H-T T-fn-x= x
[^ rp_Y J •• -^ = ^ ~Y^^ ' H^^f ^ '^'

• ^'

consequently, the quantity of steam condensed, on entrance into

the cylinder, is equal to the quantity vaporized during the ex-

haust, and the amount in the cylinder remains unchanged.

"If, in the expression x = x', we make T— 233", t' = 122°,

108H= 1170", we obtain .r = ?^ x -.r^-r, — 0. L ?i ; the vapor condensed

at each stroke of piston and thrown into the condenser, without

having produced its full useful effect, is equal to one-tenth of

the quantity of water in the cylinder."

De Freminville computes the amount of this action in an

engine of 55 inches diameter of cylinder and of equal stroke,

and working at the low pressures and expansions then custom-

ary, and finds that a layer of water 0.2 inch in thickness, cov-

ering the bottom of the cylinder—the engine has vertical cyl-

inders—having an area of 2,375 square inches, would measure 7

litres (6.5 quarts, 1.63 gallons) ; one-tenth of this quantity, as

above, would be equal in weight to the whole quantity of steam

supplied per stroke of engine, and the consumption of steam

would thus be made double that of the engine with a non-con-

ducting cylinder, and with no moisture present. He concludes :

" It may be seen from this fact how important is the accumula-

tion of water, however slight in quantity, in the interior of

the cylinder." Assuming this amount of water, just taken, to

be uniformly spread over cylinder-head, piston, and cylinder

proper, it would be but 0.032 inch in thickness over an area of

96.93 square feet ; which, as he says, " may be compared to the

mist on the window-pane." " Such a deposit may occur

wherever the temperature of the cylinder is slightly below that

of the entering steam ; and this is always the case, in regular

working, unless special precautions are taken." He then goes

on to show that this layer of mist may transfer heat to and from

the metal of the cylinder and thus intensify the effect of

cylinder condensation. " This being tlie situation, when the

* Since from (1) // (
7' - t) = x(H-f);

adding - x (T - t') = - x {T - f)

;

(« -x){T-f) = x(I{- T).



THE THEORY OF THE STEAM-JACKET; CURRENT PRACTICE. 787

steam again enters the cylinder it is condensed, yielding its

heat to the metal again, until all the cooled mass and the water

of condensation are restored to the temperature of the entering

steam. . . . This effect would not take place if the metallic sur-

faces of the cylinder could be maintained at a temperature equal

to that of the entering steam ; in which case there would be no

such condensation, and the volume of steam expended would be

precisely measured by the volume of the cylinder." He shows

that the steam-jacket of Watt corrects this, in part, but " there

will always be condensation on the arrival of steam in the cyl-

inder, but this will be much less with than without the steam-

jacket." He then proceeds to give a correct account of the action

of the jacket and its limitations. Thus De Freminville, thirty

years ago and more, saw, as clearly as it is seen to-day, tliat the

gains to be obtained by any stated method of improvement in

economy depend quite as much upon the magnitude of the

original wastes as upon the intrinsic value of that method of

promoting efficiency.

The above method of exhibiting the fact of the equality of

heat entering and rejected from water in the cylinder may evi-

dently also be employed to show the similar fact relative to the

metal of the cylinder itself ; but algebraic treatment is entirely

unnecessary, as it is obvious that the metal of the cylinder wall

must, in every cycle, when the engine is working steadily, rise

and fall through the same range of temperature with each en-

trance and exit of the working charge, and thus must as neces-

sarily receive and discharge equal amounts of heat, and must

condense and reevaporats constant and nearly equal quantities

of steam. The specific heat of iron and steel being one-eighth

that of water, and its mean density 7.5 to 7.8, the metal stores

and re-stores about the same heat per iinit of volume or thick-

ness of film as does the water standing upon it. On the other

hand, the conductivity of water is so low that it may seri-

ously obstruct the passage of heat into or out of the metal. A
film of metal about one-tenth of an inch thick has been found,

in some cases, in experiments directed by the writer, to store

or re-store all the heat of initial condensation. In such an

instance, the thickness of one-thoiisandth of an inch of water

would obstruct the flow of heat into or out of the metal as

much as the whole depth of wall affected.

Experiment indicates that the surface film, in steam-engines
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operating under customary conditions, does not weigh over about

0.01 lb. per square foot, having a thickness of about 0.002 inch

as an average throughout the whole area affected. This gives

an obstructive power, impeding the passage of heat into and

out of the metal, equal to that of a film -of iron 0.02 inch in

thickness.*

Watt found, as he had anticipated, that the quantity of heat

and steam required to simply keep the surface as hot as was the

steam about to enter the cylinder, was comparatively unimpor-

tant; while the quantity which, without this provision, was

condensed, and thus mainly wasted, was very large. The ex-

penditure of a pound of steam in the prevention of the wasting

acting was compensated handsomely by the saving of several

pounds.

The Cause of this Waste and of the effectiveness of the

jacket being recognized, it is easy to see what are the general

principles governing the application of the jacket and the

economies to be effected by its use, thus

:

(1) The less the intensity of the condensing action in any

engine, the less the need and the opportunity for jacketing.

Where, as with very low ratios of expansion, the range of

temperature through which the steam expands is small, the re-

sultant chilling action is correspondingly small, and the possi-

ble gain by jacketing in proportion. With high speeds of rota-

tion, the time permitted for cooling the cylinder walls is small,

and the same results follow. Where the steam enters already

amply surcharged with heat, as when "superheated," the ini-

tial waste is checked and the jacket has no place or purpose.

The compound engine has less to gain by the use of this acces-

sory than the simple engine working under similar conditions

of steam-pressure and expansion ; and the triple-expansion

engine, similarly, can gain less than the compound, other things

equal. The " high-speed engine " should be expected to gain

less than the engine of moderate or low speed of piston and

of rotation.

(2) Intensity of condensing action being the same, that en-

gine which is so designed as to expose smallest areas of surface

in its cylinder walls, during the period of its action, will have

liighest economy, other things equal, and least benefit by the

action of the jacket.

* Cotterill, The Steam. Engine, p. 292.
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Thus, long-stroke eugiues, at any stated ratio of expansion,

expose a smaller proportion of cylinder wall to the extreme

range of chilling action, and a smaller area producing conden-

sation at the point of cut-off, than short-stroke machines. They
therefore lose less by initial condensation and gain less by
jacket-action. That engine is least wasteful and has minimum
need of jacketing which, at its ordinary and average ratio of

expansion and point of cut-off, has the largest ratio of weight

of steam present to area of inclosing walls ; in other words,

the ratio of length of stroke to diameter of cj^linder is, approxi-

mately, at least, that of stroke to cut-off, if we neglect the

surfaces of port passages. As the latter form a decreasing pro-

portion of the total condensing surface, this proportion becomes

more exact. Where, as in the best Corliss and other four-

valve constructions, these surfaces and " dead spaces " are small,

the statement is very nearly true ; but in the single-valve en-

gines, with clearances often exceeding 10;^, the proportion of

stroke to diameter giving least wastes increases.

This is easily shown, algebraically, thus :
* The waste-pro-

ducing area is

o c 7T d'- , ,

_eTT d- 4:cV

where ^, d, I, and V are the cut-off, diameter, stroke of piston,

and volume of the cylinder. This becomes a maximum when

, 4: cV ^ , cl
end -\

~— = ; d — ~\
d e

e being the ratio of total surfaces of clearance and port " dead-

space " to piston and head surfaces alone, a quantity varying

from about 1.1 to 2, or even 3, in practice, with, for example,

Corliss engine on the one hand, and single three-ported valves

on the other. When e ms.j be taken -as unity,

d = —
; I T- r d.

r

* Manual, vol. i., p. 523.
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The best proportion, with small clearance, in the common mill

engine, with /• = 4, is a stroke equal to four diameters. In the auto-

matic, with r = 3, three diameters. In multiple-cylinder engines,

with ratios of r = 2 and /' = 2], the proportions demanded are still

further reduced, except as increased clearances tend to produce

the opposite result. But the exceedingly long strokes here

exacted are impracticable, usually ; and one of the special

advantages of the multiple-cylinder engine is found in the fact

that, with equal clearance fractions, it may be given better pro-

portions for reduction of internal wastes by initial condensa-

tion.

The more eJffective the jacketing or superheating in reducing

the wastes by initial condensation, the less is the designer con-

trolled by these considerations in proportioning his cylin-

ders.

(3) The better the quality of the steam, the less the need of

jacketing, and the less the gain to be anticipated by the process.

With moderately superheated steam initial condensation be-

comes a comparatively small waste, and the surcharge of heat

in the entering fluid performs the office of the jacket, and much
more effectively, as a rule. With dry steam the wastes are less

than with wet ; but it would appear from experiment that the

differences in value of various qualities of wet steam may not

be important. Superheated steam is a bad conductor and radi-

ator ; dry steam, though ever so little above the temperature of

saturation, transfers heat with difficulty ; but wet steam acts

most effectively in the production of this form of loss, taking

up and giving up heat with the greatest rapidity. It is of com-

2)aratively little use to supply steam only slightly wet ; to be of

real economical value the process of drying must result in the

introduction into the cylinder of really dry steam, and if sviper-

heated, though ever so little, the gain may be expected to

become very marked. Superheating 100^ Fahr. above the

temperature of saturation nearly extinguishes initial condensa-

tion in most cases. Its effect is more or less satisfactory, as

expansion and initial condensation are originally greater or less ;

but the extent demanded depends obviously on the amount of

waste to be checked.

(4) A secondary effect of steam jacketing is observed in its

evay)oration of moisture or entrained water remaining in the

working charge after expansion begins. Its efficiency is tlie
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higher as this re-evaporation is effected the more completely,

ami as it occurs earlier in the stroke.*

Maximum effieieuoy is attained when all heat supplied enters

the system at maximum temperature, and all rejected heat is

discharged at the minimum temperature of the cycle. But the

heat communicated by jacket to the working fluid is added at

less than maximum temperature, and does less than maximum
thermo-dynamic work through conversion of heat into the dy-

namic form of energ}'. All work performed by conversion of the

moisture of the steam into vapor, and by its subsequent expan-

sion, is also effected at less than maximum efficiency. If initial

condensation is completely checked by jacket-action, the best

possible duty is attained ; if, at the commencement of the expan-

sion period, moisture still remains in the working charge, and

is evaporated during that period, the earlier this evaporation

becomes complete the better the performance of the machine.

If, finally, water remains uuevaporated at the opening of the

exhaust-valve, and draws for its latent heat upon the stored

heat in the cylinder walls, all heat thus abstracted is completely

wasted.

In the unjacketed cylinder, the exhausted steam contains pre-

cisely the amount held in suspension on entering the valve-chest,

plus the condensation due wastes of heat by external conduction

and radiation, and plus that produced by thermo-dynamic con-

version of heat into work.

The jacket must evidently not only keep the surfaces of the

cylinder hot and dry, so as to receive the incoming charge of

steam without condensing any portion of it ; but it must, in

fact, also evaporate all of that water of condensation, coming of

thermo dynamic conversion with progressive expansion, which
may happen to be precipitated upon those surfaces of the cylin-

der wall. It by no means follows that, as assumed in the

Rankine treatment of the jacketed engine, all thermo-dynamic
condensation is checked and the steam held in the dry and
saturated state throughout the expansion period. Much of this

wat€r of condensation is undoubtedly suspended in the mass of

the working steam as mist, and escapes to the condenser as

water ; but portions in contact with the cylinder wall must be
re-evaporated if the surfaces are to be held up to the tempera-

* Cotterill considers this the real use of the jacket.
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ture of prime steam, and kept dry. Tliis must be disposed of

by jacket-lieat before the steam-valve again opens ; as must all

water lying in pools, in cavities in the cylinder port spaces,

or clearances. Any water anywhere present in the working

cylinder, at entrance of the steam, must absorb so much heat as

is needed to bring its temperature up from that of the conden-

ser, approximately, to that of boiler-steam, nearly. Having

eight times the capacity for heat possessed by iron, the presence

of a very small quantity, comparatively, may do great harm.

With large total ratios of expansion, the water of thermo-

dynamic condensation may prove a sensible burden upon the

jacket, and apparently slight defects in design may jDermit stili

heavier taxation by causing settlement of water in the cylinder

spaces.

The action of the jacket being one of preparation of the cylin-

der walls, during the expansion and exhaust periods, for the

reception of the succeeding charge of working steam, it is seen

that the jacket may be effective, even thougli not transferring

heat through the cylinder wall during the period of introduction.*

In other words, it may be advantageous, but certainly is not

essential, that the pressure and temperature of the steam in the

jacket should be higher than in the cylinder , before the close of

the cut-off valve. The one essential need is that the heat

transferred from the jacket shall be sufficient to insure dryness

and maximum temperature of the cylinder wall in advance of

the entrance of the charge. Transferring less heat, the jacket

is inefficient ; transferring more, it is needlessly wasteful. If

higher pressure will, in any given case, insure the proper heat-

ing of the surfaces, without an excess productive of unnecessary

waste during the exhaust period, it will prove advantageous

;

otherwise not. In fact, could the jacket be made or applied in

suc]i manner that its action could be suspended from the in-

stant of closure of the cut-off valve to the end of the exhaust

period, and then made instantly to bring up the temperature

of the cylinder wall to that of boiler-steam, its function

would bo fulfilled with ideal perf(H'tioi). As it is, its work must

be performed during the periods of ex[)ansion and exhaust.

It is clear that each pound of steam condensed in the cylinder

* As tlie writer lias Hometiinos stated it, the tiisU of the jacket is simply that

of iiiiiintuiiiing the teiiiponiturc of tlic cylinder wall.
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is twice evaporated ; once in the boiler, once in tlie engine
;

bnt each pound condensed in the jacket is but onc3 evaporated

—

in the boiler.

The condensation by action of the cylinder walls does not affect

the quality of steam liually discharged into the condenser. All

steam thus condensed is re-evaporated by abstraction from the

surfaces of the cylinder of all the heat stored in them during

the period of initial condensation.

In the jacketed cylinder, the water converted into steam in

the cycle may exceed the quantity condensed at entrance if tlin

charge be then wet, and the jacket may thus produce, during

the later part of the expansion and the whole of the exhaust

period, waste otherwise not liable to take place. This waste

will be measured by the excess of water re-evaporated over

weight of steam initially condensed. It may be readily im-

agined that there is a possibility of the jacket proving, under

some such special conditions, a wasteful, rather than an eco-

nomical, adjunct to the steam-engine. Its final efficiency and

that of the engine will depend largely upon the completeness

and the promjitness with which its work is performed in holding

up the temperature of the surfaces in contact with steam at cut-

off to the temperature of prime steam, and in drying them off,

if wet at the beginning of expansion.

(5) The value of the steam-jacket depends upon its location

or distribution over the C3dinder walls, and upon the ease with

which heat can pass from jacket to cylinder during the period

of introduction of the charge.

Jacketing the heads, the piston, and the surfaces of the cylin-

der up to the point of designed cut-off, obviously may be ex-

pected to give best disposition of jacket and best action.

Jacketing the body of cylinder between the two points of cut-

off of opposite ends, is as obviously comparatively useless. By
jacketing is, of course, meant effective jacketing. Piston jackets

have rarely proved effective, and the jackets on many engines

are inefficient throughout
;
probably the failure to distinguish

between the uselessness of all useless jackets, and the useless-

ne.ss of some well-made jackets, may have had much to do with

the prevalent prejudice against their proper employment.

Many jackets fail to do effective work through defects of design,

construction, or, more usually, of operation, and these cases

have done much to discourage the use of that appurtenance. If
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jacketing is to be adopted at all, it is evident that the beads

and port-spaces are tlie most essential areas to be covered by

the jacket. Pistons are so difficult to jacket, and, especially, to

thoroughly drain their jackets, that few designers would attempt

to thus cover them ; although the importance of their surfaces

as condensing areas, and the need of jacketing them, may be

seen to be quite as great as with the cylinder heads. The greater

the diameter of piston in proportion to stroke, the greater the

importance of jacketing heads as compared with covering the

sides of the cylinder with the jacket,

A correctly located jacket may be ineffective in consequence

of the difficulty of passing heat from it into the cylinder

promptly and in ample amount. Thick walls, the presence of

core-sand or other non-conducting obstruction, defective drain-

age, the presence of air in the jacket, all these are ways in

which the best arranged jackets, in all other respects, may be

made comparatively, if not absolutely, useless ; and such defects

have done much to bring steam-jackets into discredit where,

otherwise, they might have greatly improved the economic per-,

formance of the engine. Instead of seeking the reason of the

apparent failure of the jacket, it has often happened that the

observer condemns jacketing, off-hand, rather than the defective

jacket.

It is now well ascertained that smoothly finishing tho cylinder

heads and the faces of the piston, and even polishing them, may
prove handsomely remunerative by checking these internal ther-

mal wastes. This probably occurs both by reducing the heat-

absorbing power of the otherwise rough surfaces of the cast-

ings, and by making it easier for the jacket to hold up their

temperature to a maximum. A rough-cast surface may have

much greater active area than if smooth ; every asperity adding

surface area.*

As the writer has remarked elsewhere : f " A well-polished

internal surface, especially if bathed in oil, is hardly less effect-

ive in reducing wastes than is well-dried steam."

(6) The gain by a good jacket depends upon the quantity of

steam acted upon and the time of action.

The less tho quantity of steam in the charge, other things

* Transaction H Tnd. Naml Arrhitrrts, 1804, I). Croll.

f Manvnl of the Steam Knginc, New York, 1891 ; Vol. I., p. 537.
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equal, the more eflfecl-ive the jacket in drying it, and keeping it

and the cylinder walls in contact with it dry. In other words,

the greater the ratio of expansion the more useful the jacket—

a

well-known fact of exp?rience. The more time allowed for its

action, the more complete is that action. In other words, low-

speed engines derive more benefit from the jacket than high-

speed; which is another familiar fact in every-day expe-

rience.

The time of action, it should be noted, is not that of entrance

of the steam into the cylinder ; it is that allowed for the prelim-

inary drying of the internal surfaces of the cylinder and warm-
ing them up as nearly as possible to the temperature of the

prime steam, in order that, when steam does enter, it shall find

those surfaces hot and not condense upon them. As in the pro-

duction of internal wastes, their amelioration is a function, not

of time measured from the beginning of stroke to point of cut-off,

but of time elapsing from cut-off to the beginning of the follow-

ing forward stroke. The most serious refrigeration, during this

period, probably occurs during the exhaust stroke. The work
of the jacket is that of prevention, not of remedy ; of prepara-

tion, not of restoration of the conditions favoring economy.

(7) A good jacket involves provision for free introduction of

steam into the jacket-space, perfectly free and thoroughly com-
plete drainage of the condensed water back into the boiler, and
the most rapid possible flow of heat from jacket to working

steam.

Defective steam-supply, and, oftener, ineffective drainage, have

probably been the most usual causes of the inefficiency of other-

wise well-located and desirable jackets. Entrapped air has

sometimes been responsible for the condemnation of a jacket.

Wasting steam from jacket traps or loss of the water of conden-

sation—a very considerable item, if the jacket is doing good
work—sometimes accounts for an undeserved reputation for

uneconomic action. Free supply of heat from jacket to steam is

effected by using a thin intermediate wall of good conducting

material—wrought iron and, more usually, steel being generally

used for this reason in preference to cast iron—and by securing

an ample temperature-head between the two masses of steam.

With wet steam, the waste during exhaust may exaggerate loss

more than the gain by the jacket during the remainder of the

cycle reduces it, in some cases ; in which event the above state-
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ment becomes subject to reservation. But the use of wet steam

is inexcusable, in most instances, and the jacket cannot be con-

demned on that account.

The general principles above enunciated are sufficiently obvi-

ous, once the purpose and method of action of the steam-jacket

are fully recognized ; but the limitations of its action still remain

somewhat obscure, and it is still uncertain, in many cases, what

construction of jacket, if any, should be adopted, and how much
advantage may be fairly expected to result from its operation.

General experience has thrown much light upon the subject,

and we know well, in most cases, what to anticipate ; but while

we find that it may, with simple engines, with high ratios of

expansion, give large gains, we also know that it gives compara-

tively little advantage in multiple-cylinder engines, and that,

especially when the speed of the engine is high, in both cases,

the gain by its use is comparatively small. But it still remains

to be ascertained where, in doubtful cases, the line shall be

drawn between the paying and non-paying use of the jacket, the

point at which the costs of its adoption are such as to cause it

to fail to pay fair returns on that small investment. It can be

seen, however, that a very small percentage of increased econ-

omy, only, is required to make it pay well.

The Action of the Jacket, in detail,""' is probably not compli-

cated ; but it is obscure because of the facts that it is so far out

of reach of the investigator that the variations of temperature

and of heat storage and transfer affect variable quantities of

metal and fluid which the engineer cannot easily measure, and

are subject to intricate and uncertain physical changes of con-

dition and quality of the mixture of steam and water, or possi-

bly, at times, of dry and superheated steam, similarly difficult

of determination.

(1) Jacket and cijUndei' receive gaseous stealn ^ i.e., the fluid is

highly superheated and behaves like a gas.

In this case the action of the jacket tends to keep the inner

walls of the cylinder up to its own temperature. Assume this

possible. The gaseous steam enters the cylinder at maximum
temperature, expands, doing work, constantly losing both heat

and temperature, down to a minimum, at exhaust, and is finally

discharged, it may be assumed, dry but saturated. Each enter-

* From Manual of the Steam-Engine, % 153, p. 627.
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ing cliarge finds the inner surface of the cj'linder slightly cooler

than itself, before expansion begins, but absorbs its heat con-

tinually, once expansion has begun, up to the close of the

exhaust p^^rioJ. This heat is partly utilized by conversion into

work, but Avithin a reduced range of temperature and with

reduced efficiency, and is in part discharged as pure waste.

But the total quantity so absorbed will be small, since the fluid

has small specific heat, large specific volume, and insensible

conductivity.

Precisely what the internal waste would be under such condi-

tions is not i^recisely known ; but experience with gas-engines

and with superheated steam would indicate that it would not

usually be lO'^; in large engines, and probably not be less than

5 c for what might be taken as fair examples.

^2) Jackets and cylinders receive dry steam. In this case, the

jacket readily keeps the external surface of the cylinder walls

at maximum temperature, that of the steam itself, and due its

pressure. The slightest reduction of temperature at once pro-

duces condensation in the jacket, and the temperature of the

cylinder surface next the jacket is restored by absorption and

storage of the latent heat of the jacket steam so condensed.

This process of transfer by condensation is known to be one of

such great rapidity that we are justified in assuming that the

surrace of the cylinder which is exposed to jacket steam is kept

up fully to the temperature of the latter throughout the whole

cycle.

Consider the four phases of the engine-cycle : (1) induction
;

(2) expansion ; (3; exhaust
; (4) compression. During the first,

the steam has the same temperature and pressure on both in-

terior and exterior of the cylinder walls ; during the second

period, differences of temperature and pressure on the two sur-

faces are observed, progressively increasing to the end of the

expansion and the establishment of the back-pressure ; during

the exhaust this difference remains nearly constant, and a

maximum ; while the compression period sees this difference

once more reduced, we will assume, to zero. Thus both
" prime " steam and jacket steam at first unite in restoring to

the metal heat lost during the preceding cycle, and none passes

from the jacket into the interior of the cylinder. Jacket heat

flows into the engine throughout the remainder of the cycle,

and is partly converted into work, partly transferred and wasted
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as heat ; and the proportion of these two quantities—the partial

waste by inefficient transformation and the pure waste—is de-

termined both by the extent to which expansion is carried and

by the quality of the working fluid.

If the steam be dry, or nearly so, at the close of the first

period, and if the second, the expansion period, is sufficiently

prolonged, the action of the jacket and the heat-storing property

of the metal of the cylinder promptly results in superheating

the expanding steam and so checking further waste of heat from

jacket and from cylinder walls during the terminal ]ieriod of

expansion and during the exhaust, and thus allows the jacket to

raise the temperature of the cylinder promptly and fully to that

of the entering steam. This being accomplished, initial conden-

sation is, in turn, reduced to an unimportant quantity ; the total

waste is mainly jacket-waste, and is a minimum.

On the other hand, if the amount of water produced, either

by initial condensation or by the work of expansion, or both, is

so great that it cannot be all re-evaporated early in the stroke,

and if the cooling of the cylinder walls is thus continued, the

jacket-waste becomes increased, the waste which it is intended

to check may remain serious, and the result may be a consider-

able net loss, and but little or no advantage from the jacket.

This must be the result, probably, to a greater or less extent,

v.henever the drying of the cylinder and steam is not nearly or

quite completed at the opening of the exhaust-valve, as when
the jacket is defective or the steam too wet. It would seem

possible that intermediate conditions might prove to be those

of best jacket-action.

The process is here, probably, one in which the first effect of

the jacket, during expansion, is to dry the steam, which contains

always, if not superheated, suspended within its mass more or

less of the water of initial condensation ; next, the checking of

condensation due to the work of expansion ; and, finally, the

superheating of the steam, if the earlier stages are coiripleted

early enough, and existing conditions permit. The first portion

of this process gives a gain of work by adding steam to that

existing, as such, at the beginning of expansion ; the latter por-

tion by giving the steam hirger Avork-power.

During the exhaust period there is a pure waste of heat, with

a compensating gain by drying and lioating the interior surfaces

of the cylinder preparatory to the entrance of the next charge
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of stetim. Compressiou has a similar effect, as a result of the

conversion of the work of compression into heat.

(S) 1J'<( .-tfani is supplied. In this case, the jacket, on its side,

acts precisely as before. The water in the steam in the jacket

drains out or is trapped off, and is returned to the boiler, leaving

the steam practically dry, as before. But the interior of the

enajine is placed under quite different conditions.

In addition to the heat demanded of the jacket to keep the

working steam dry, and to first dry off and then warm up the

interior surfaces of the cylinder, a quantity of heat which,

within limits, will be larger as the steam is initially wetter, and
which may be often very great, is drawn from the metal and
from the jacket, throughout substantially the whole cycle, to

evaporate all or a part of the entrained water, and to then, if

possible, dry off the metal and to heat it up again to the maxi-

mum temperature. Not only is this amount of heat increased

with increase in quantity of water entering with the steam, but

the proportion of heat drained off wastefully in the terminal

portion of the expansion, and throughout the exhaust period,

is increased as the quantity of water to be evaporated is greater
;

so that it may readily be believed that the interior of the cylin-

der, drenched and flooded with water at the opening of the

steam-valve, may continue to act as a waste-producing boiler

quite through the cycle, thus causing great loss during the

exhaust period ; when, the difference of temperature being a

maximum, the heat which the jacket is capable of thus wasting

becomes itself a maximum, and both absolutely and relatively

large.

If the water of initial condensation is not, in any instance,

all re-evaporated during the expansion period, it will be re-con-

verted into steam during the exhaust period.

It is thus obvious that the quality of the boiler steam is

important ; and it may be seen that dry steam is an element

of successful action of the jacket. It is as unquestionably the

fact that dry steam is essential to the best action of the jacket,

as that superheated steam may render the jacket unnecessary

and useless.

General Experience, at the moment, is our only reliable

source of information, and the designer must content himself

with the best study that the records permit, as a means of deter-

mining whether he should, in any proposed design, make use of
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this accessory. With slow-speed engines, as most steam pump-
ing engines, he will never hesitate, probably ; with mill engines,

also, of moderate speed, whether in either type, simple or mul-

tiple expansion, he will rarely question the desirability of jack-

eting, as seen from the standpoint of finance. In the case of

high-speed engines of any class, simple or multiple, he may
often be unable to decide where the value of this expedient

for increasing efficiency becomes insensible, 'and, doubting,

will usually, probably, decline to use it, on the ground of first

cost, complication, and possible increased expense for mainte-

nance.

"Watt supplies the first essential fact, in a statement already

quoted in the preceding paper by the writer on this subject.

The quotation will bear repetition.

He says, in a letter to Dr. Small, as early as in 1769

:

" I have misimproved the cylinder by making the bottom of

cast iron, which . . . does not communicate heat fast

enough to evaporate the water left in the cylinder the first stroke,

without being considerably cooled by it, and consequently con-

densing as much the next. I have also done wrong in removing

the outer cylinder, which kept the inner one always surrounded

by steam, ready to supply any loss of heat that might happen
by evaporation from the inside surface."

He proceeded to correct these mistakes, and later, writing to

Dr. Roebuck (1769), he explains his ideas more fully. He
says:

" At first, when the cylinder is cold, there is a small quantity

of water left in the cylinder. Immediately on producing the

vacuum the water is converted into steam, and thereby cools the

cylinder considerably. Now, if there is an external cylinder, and

the bottom of the internal one is thin, the steam on the outside

will warm it again instantly, and no steam will be condensed the

next time. (This was the case in my last model.)

"

In giving an account of his experience, he says :
" When we

tried to lay aside the jacket we had no reason to applaud our

.economy, for the consumption of fuel Avas considerably greater."*

* Robert Stuart aaya :
•' It is admitled that Watt had an engine at Soho, act-

ing on tlie expansive principle, nn early as 1776. In 1778 he erected anotlier on

tiie same conHtruction, to [)anip water ff)r a public conii)aiiy in L'lndon ; and

although another meclianic, three; years afic^r t!iis later machine was in operation,

took out a patent for a eiinilar contrivance, we will describe it as an invention
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The testimony, supplied in ample amount in the same paper,

shows beyond shadow of doubt, and the fact is now never dis-

puted by engineers familiar with the subject, that the steam-

jaaket, in the engines standard until recently, with moderate

piston speeds and with ratios of expansion ranging from six up-

ward, whether simple or compound, produced a decided benefit,

in tlie best examples amounting to 15 c to 20;^ in simple engines,

and to 10 f to 12 -c in compounds. In European practice, the tise

of the steam-jacket on such engines, where economy of steam

and fuel is sought by good designers and constructors, is almost

unirersaL In the United States, where condensation is less

common, and lower expansions prevail, with, usually, higher

piston speeds, the facts of the case are less familiar as matters

of experience. In special cases, gains of 25, 30, and even 35:^ or

more are recorded, where the ratios of expansion are exception-

ally great, and the working conditions unusuallj^ favorable to

the introduction of jacket-action.

A good jacket-action is even found to be obtainable at high

speeds. Thus, one case is reported in the Journal of the

FranMin Institute of 1859, quoted by the committee of the Brit-

ish Institution of Mechanical Engineers, in which a gain of 23;^

was attained at a speed of 203 revolutions a minute.* Brodie's

experiments give an average gain of lS.5fo, at speeds ranging

from 92 to 102 revolutions a minute.-" Kennedy (1889) reports

an average of 22f^, at speeds of 96 to 101 revolutions.* Brodie's

point of cut-off was about one-third ; Kennedy's averaged about

one-eighth. The latter attained above 35,^ at 9 and 11 expansions.

But the most remarkable instance of successful jacketing at high

speed is found in the engine of Professor Alden, at Worcester, in

which, at 290 revolutions per minute, a gain of about 15^ is ob-

tained by the use of this simple device ; the jacket demanding
about 7;? of the steam supplied. The steam used in the jacket

is thus twice as efficient as that employed in the cylinder. Mr.
Bird's analysis of the action of the jacket for this case, by the

Him system of investigation, shows that the cycle is made more

worthy of Watt's geniu«, and which only his wonderful skill could have called

so perfectly into existence." Tliis invention was described in the fumous patent

of 1769. Tlip, above facts have sometimes been denied, but even the Newcomen
engine, in working properly, must cut off steam liefore the end of the stroke. Tiie

Liglier speeds and pressures of Watt's engine rendered this still more imperative.
" Authorities on the Steam-jackets," Appendix ; Tramactiona A. S. M. E.,

Vol. Xir., p. 500.

51
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nearly adiabatic in its expansion period, the initial condensation

is greatly reduced, the drying of the cylinder by re-evaporation

commencing earlier, and the exhaust waste is decreased.- These
results are the more instructive for the fact that that engine was

of but 10 H. P., and compound.

It will be seen that the efficiency of the jacket depends upon
the quantity of heat it can transfer and steam it can condense

jDer unit of area of its useful surface. Restriction of steam

consumption in the jacket is only desirable by restriction of

the area of wasting surfaces which it should cover, as by re-

ducing the areas of cylinder walls in the clearances and port-

spaces. Small gain by the use of the jacket, in cases where

the consumption of steam by the jacket is also small, may al-

ways be taken as prma/acie evidence of defective jacketing, or

of the use of the jacket where other special methods of effecting

economy have made the jacket superfluous. This is particu-

larly the fact where the expenditure of heat and of steam in

the jacket is less than the reduction of wastes, or where, as

sometimes is the fact, the consumption of steam in the jackets

accounts for but little more than the waste by external losses

of heat. The case of the often-quoted Pawtucket pumping
engine, in which an expenditure of 5;^ in the jackets only gave

a net gain of Sfc, under conditions almost invariably resulting in

very marked economy by its use, is no evidence of the useless-

ness of jackets, but simply proves that jacket to be, for some

reason to be yet ascertained, comparatively useless. It evidently

supplies little more than the heat demanded for external wastes,

and gives but very little to the working steam. The correct

deduction from that case is that the reduction of external wastes,

of heat to zero, in their action on the working charge may cause

sensible economy, by ameliorating the tendency to initial con-

densation, coming of that method of cooling of the working

cylinder. It shows the importance of carefully covering the

exterior of the engine with good non-conductors, to avoid that

exaggeration of the wastes by initial condensation which is con-

sequent upon external cooling. The equally obvious deduction

from general experience in the use of jackets is that, with the

exception of the so-called higli-speed engines and those multiple-

cylinder engines in which all recognized elements of highest

* "Effect of Steam-JacUet on Cylinder Condensation ;" Irans. Am. 3oc. M. E.,

Vol. XII., 1801, No. CCCCLIII.
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efficiency make the jacket superfluous, its use may be expected

to eflect gains whicli will always more than compensate their

costs, and usually may yield large returns upon the expenditures

incurred, directly and intlirectl}-, in the introduction of that

element of the machine. Failure to secure such returns proves,

as has just been stated, not the inefficiency of jacketinpj, but the

inefficiency of the particular jacket thus failing to do the work

assigned it.

The indications from general experience would seem to be

that the jacket, when working effectively, ought to exhibit

maximum economic result when it reduces the internal wastes

of the engine to about one-half their amount in the same engine,

unjacket.d. In so far as the jacket fails of this activity it may
be pronounced defective ; more than this seems more than can

be expected of it, notwithstanding tlie fact that cases have been

sometimes reported in which it has been stated that initial con-

densation has been entirely prevented. Mr. Isherwood thinks

that it can be shown that this limit of maximum action can

be deduced by rational investigation ; but of this there may be

some doubt." In his view, however, this " percentage is at

once the measure and the limit of its economic effect.''

Experience sliows the jacket to have some advantages apart

from its thermal action upon the cycle of tlie engine, and inci-

dental to its construction and operation. It permits the gradual

heating up of the engine, preliminarily to starting, and thus

enables the engine driver to evade those risks which come of

sudden and irregular heating of large masses of cast iron, and
those due to the formation of masses of water in the cylinder at

the entrance of hot steam into a cold metallic chamber, and
which have been known to produce bad accidents when not

very skillfully dealt with.

In the Worthington type of direct-acting pumping engine,

this fact gives a special advantage when the jacket is used, in

permitting the completion of the stroke at higher pressure than

otherwise, and giving steady motion of engine. The uniform

temperature insured by the jacket keeps the cylinder in correct

form, and prevents that waste of power and wear of cylinder

sometimes attributable to the well-established fact that its bore

* TTie Steam-Jnckpt, its Genesis, its Purpose, etc.: B. F. I.sherwood, Chief

Enginet^r U. S. N., Eugineering Cong., Chicago, 1893; pp. 40-43.
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may be, when in operation unjacketed, smaller at the middle

than at either end ; the mean temperature being necessarily

higher at the ends than at the middle, and this difference

becoming very sensible with large ratios of expansion in a

single cylinder.

Experience, on the other hand, also shows that the jacket may
have serious disadvantages incidental to construction and use

;

althougli they commonly come of defective original design or

construction, and are not, as a rule, necessarily inherent in the

system of application of steam-jackets. If not properly connected

with the body of the cylinder, or if made by the introduction of

a "liner" into the cylinder, leaks may occur of sensible, or even

of serious, amount, and the value of the jacket may be thus

made a large negative quantity. Core-sand left in the spaces

which should be filled with steam, or covering the surfaces of

the cylinder walls, where they should be of the highest possible

heat-conducting power ; entrapped air, taking the place of the

steam ; ineffective drainage, filling those spaces with water

;

shrinkage stresses, liable at any time to produce fracture by the

irregular changes of form of the complicated mass ; any one of

many possible defects of design, construction, and manipulation

may be responsible for disappointments in the use of the jacket,

and for frequent unsatisfactory reports in regard to its economic

effect. Tlie final result of experience to date may be summed up
in the statement that when a jacket is properly designed, con-

structed, and attached, and when it is properly manipulated, it

may always be expected to give good economic results in siri^plo

engines, and large returns on the investment, with all classes

except possibly the high-speed engines. In exceptional cases,

however, good results have been obtained and handsome returns,

with speeds as high as 200 revolutions and upward per minute.

It still remains a question whether the unsatisfactory reports

from its action on fast-running engines may not be attributable

to defects in jacketing rather than to limitation of the system to

slow engines. The same remarks apply to the case of multi])le-

cylinder engines, which have often exhibited excellent results,

altliough both the high-speed and the compounded engines are

obviously less promising of gain than other types of engine.

Where sup'^rheated steam is emph)yod it is pro!)ablo that no

advantage Avill bo found economically in the application of the

jacket.
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Wherever applied, it is evident that it is very desirable that

the engine should be supplied with dry steam in order that the

work of the jacket may be made a minimum ; that heads as well

as, or in preference to, sides should be covered ; that clearances

and port-passages should be made the smallest possible; and

that it should be at all times possible to see that the jacket is

in action, and in active operation as well. Correct design, con-

struction, and operation will usually insure a very large and

satisfactory return for all costs and time and thought expended

in insuring its effective use.

The Thermo-dynamic Theory of the Jacketed Engine, as

customarily constructed, following its first writer, Rankine, in-

volves assumptions which are not found to correspond with

general experience and usual practice ; but which, at least, give

defiuite form and exact solution to the problem as thus treated.

The primary assumption is that the jacket yields heat to the

working charge of steam in just sufficient amount to hold in-

itially dry steam in the dry and saturated state throughout the

working stroke, leaving the surfaces dry at its end, and heated

at the end of the cycle to the temperature of prime steam. This

assumption is supposed to be justified by the well-known fact

that, while wet steam takes up heat greedily, and thus promptly

becomes dry and saturated when supplied with the needed heat,

dry steam absorbs heat but slowly, and superheated steam is a

non-conductor and non-absorbent of heat. Hence it is possible

that the cylinder walls, if held up to the temperature of boiler-

steam by the jacket, would dry the entering steam promptly, if

approximately saturated, and would communicate heat to the

expanding charge with rapidity when wet, and olowly or even

imperceptibly when dry ; thus, if the cylinder walls could be held

up to maximum temperature, insuring the continuous retention

of the working steam in the dry and saturated state, in spite of

the tendency to become wet through the action of thermo-

dynamic conversion and partial condensation, actually observa-

ble in considerable amount in the non-conducting or the

unjacketed conducting cylinder. Were this assumption to be

accurately true, we should have an exact theory of the jacketed

engine.

Experience and direct experiment unite in showing this as-

sumption to be inexact, however ; and in spite of the action of the

jacket, in all usual constructions of engine, the steam becomes
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wet at tlie start by initial condensation and remains more or less

wet in mbst, though not iu all, cases, up to the end of the ex-

pansion period, and even, in many instances, into or through the

period of eduction. The theory of the ideal jacketed engine,

like that of the ideal unjacketed engine with its non-conducting

cylinder, requires to be supplemented by what Hirn called the

" experimental theory," by a theory of thermal wastes, inter-

nally and externally, and of dynamic wastes, to render it availa-

ble for the purposes of the engineer. The two representative

ideal cases will be discussed in summary ; and this discussion

will be followed by the examination of the real case.

The Ideal Steam-Engine, to be studied in comparison with the

real engine, is, properly, the case of the non-conducting cylinder,

in which no thermal wastes can occur, and wliich, therefore, re-

quires no such artificial adjunct as a steam-jacket, and only

employs superheated steam as giving, by its higher temperature

range, a larger conversion of heat into Avork than the engine

using saturated steam. This case has been often studied, and is

familiar to every student in engineering and every thermo-

dynamist. Adopting Rankine's methods of treatment, we obtain

the following results in computing its efficiency, in a set of ex-

amples fairly representative of current practice :

"^^

EFFICIENCY OF STEAM—IDEAL CASE.

Non-condiu ting Cylinder.

Pi = absolute pressure of admission

;

p> = absolute pressure at end of expansion
;

y>3 = mean back absohite pressure
;

r, = absolute temperature at />,

;

Ta = absohite temperature at p^ ;

Ti = absolute temyx'rature of feed Avater.

Tlien the energy per cubic foot of steam admitted :

UB, = J J),

I

r, - r,( 1 -t- hyp Jog J j.
+ '^^- A ;

+ r(p.i -pa);

*"Miixinnim Steam Jacket. Kfflc'uMuy." R. II. TliurstoTi. Journal Franklin

InnlUute, April, 1891.
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where

/• = ratio of expansion
;

Hx = total heat of evaporation

;

D^ = density of steam at p^, ;

Zi = latent heat of steam at pi.

Heat expended per cubic foot of steam admitted :

H,D, = JD,{T,-r,) + Lr,

U
Eff. of steam = -y^.

-"1

Assume an initial boiler and engine pressure of 115 lbs.

per square inch, absolute, and a back pressure, in cylinder

and condenser, of 4 lbs.; with varying ratios of expansion, we
obtain the following values of the thermo-dynamic efficiency of

the ideal engine, constituting the limits which we seek to

approximate in the real case, but which we can never hope

to pass :

*

EFFICIENCIES OF WORKING FLUID.

Ideal Steam-Engine, Un.tacketed.

Cut-off.
Ratio of

Expansion.
Efficiency.

Steam perH.P.
Per liour.

B. T. U. PER H. P.

Per minute. Per hour.

0.05 20.00 0.2073 11 203 12120
.10 10 00 .1934 13 222 13342
.15 6.66 .1795 13 235 14139
.25 4.00 .ir,66 14 270 1C210
.35 2.85 .1358 16 310 18712
.45 2.22 .1237 19 342 20524
.55 1.82 .1119 21 379 22723
.75 1.3:3 .0898 26 471 28278

1.00 1.00 .0707 33 597 35845

These expenditures would be, ordinarily, doubled in the

higher ranges of expansion, in even good practice, by extra

thermo-dynamic wastes, in simple engines, and increased BO'jo in

compound and one-third in triple-expansion engines, assuming

all to be unjacketed.

The Ide.\l Case, with Jacketed Engines, gives the following

efi&ciencies for the same condition of initial and back pressure.

The symbols and formulas are :

* Manual of t/ie Sleam-Engine. II. H. Thurston. Vol. I., § 155, pp. 640, 641.
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Yi — volume of 1 lb. steam at pi

;

Fa = volume of 1 lb. steam at p^

;

a = 1109550 foot-pounds.

b — 540.4 foot-pounds per degree Fahrenheit.

Then the energy exerted is

:

U ^ a hyp log -^ - & (rj - Tj) + F^ {p^ - p^).
'2

Whole expenditure of heat per pound steam :

k = J{r^ — r^) + tt f 1 + hyp log —) —h Tj, nearly.

Efficiency

:

W-
U'

EFFICIENCIES OF WORKING FLUID.*

Ideal Steam-Engine, Jacketkd.

B. T. U. PER H. P.
Ratio of

Efficiency.
Steam per H. P.

Expansion. Per liour.

Per minute. Per hour.

0.05 20.00 0.1930 12 213 13167

.10 10.00 .1808 13 234 14(185

.15 6.66 .16()5 14 254 15289

.25 4.00 .1442 16 295 r<674

.35 2.85 .1^02 18 326 19578

.45 2.22 .l-'Oi) 19 355 21283

.55 1.82 .1087 21 388 231512

.75 1.33 .081-3 27 524 31420

1.00 .1.00 .0707 33 602 36126

These expenditures of heat and of steam would be increased

by wastes, in the real engine of wliich this is the ideal repre-

sentative, by from 50 or 60/& at the higher ratios of expansion,

and for best practice, to 20 or 2r)>' at low ratios, if simple

engines are compared, and by about one-half those figures for

the compound engine or one-third for tlie triple-expansion.

Comparing those ideal cases, however, it is at once soon, as c-ould

easily have been predicted, that the jacketed engine is the more

inefficient of the two, and by about V;i loss of efficiency through-

* Ibidem.
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out the whole usual working range of modern engines. In the

cases referred to :

" An examination of the tables, of the curves still better, will

show clearly the wasteful influence of the sieam-jacket, as an

element considered by itself. Within the usual range of prac-

tice, from about 5 or 6 to 15 or 20 expansions, under the assumed

conditions of initial pressure and cut-off, it is seen that the loss

by its application is fairly constant at something above l',r, in

these cases, rapidly falling to zero as the ratio of expansion falls

from the lower figures to unity. The consumption of steam in

pounds per horse-power per hour may be computed very approx-

imately by dividing 2.5 by the computed efficiencies. The cases

assumed are for condensing engines, and the evaporation always

taken at 9 lbs. of steam per pound of fuel, the fuel expenditure

may be gauged by dividing the weight of steam computed by

nine. This gives, for example, about 12.06 and 12.95 lbs. for the

unjacketed and for the jacketed engine, respectively, at a ratio

of 20, in steam demanded ; and of about 1.33 and 1.44 lbs. of fuel.

For a ratio of expansion of 4, the figures become about 16 and

17.3 respectively for the steam, and 1.75 and 1.85 lbs. of fuel. At
full stroke, the figures become 35 lbs. of steam and of feed-

water, and 4 lbs. of fuel per horse-power and per hour, for both

engines.

" We conclude from the above, therefore, that, in the ideal

case, the steam-jacket reduces efficiency, necessarily and with-

out exception, and that, for ordinary variations of the ratio of

expansion for the pressure here assumed, this waste is a nearly

constant quantity. To put it more mathematically, the gain is

negative and nearly constant at about I'/c loss of efficiency." *

" This is sufficiently evident, a priori, from tlie consideration

that the latter receives all its steam at a maximum temperature,

expands it adiabatically to a certain terminal temperature, and
then exhausts it ; while the former receives a part of its heat at

intermediate temperatures, expands the fluid non-adiabatically,

and finally rejects it at the terminal temperature, with a lower

mean range of expansion. In other words, the jacketed engine

departs furthest from the principles of economical operation

first enunciated by Carnot : f All heat should be received at

* Ibidem.

} Reflections on the Motite-Power of Heat. By Sadi Carnot. Edited by R. H.
Thurston. New York : J. AViley & Sons. 1890.
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maximum temperature ; expansion should be perfectly adiabatic,

and should continue to the minimum temperature and pressure,

and all should be rejected as nearly as jDossible at that mini-

mum.
"The fact is thus sufficiently well shown that tlie steam-jacket,

as employed on the steam-engine, of whatever form and arrange-

ment, is intrinsically a wasteful element, and that its use only

gives, in certain cases, an economical advantage by its repression

of wastes of larger magnitude. It cliecks a serious and unavoid-

able waste more or less completely, by a process which as in-

evitably involves a waste which is commonly, but, perhaps, not

invariably, a lesser one. The ideal steam-engine, such as is

treated of in the purely thermo-dyuamic study of the steam-

engine, has a lower efhciency with, than it has without, a jacket."

The intrinsic waste of the steam-jacket may thus be taken as,

EFFICIENCIES OF JACKETED AND UNJACKETED ENGINE.

Steam, 115 ; back-pressure, 4 ; ratio of expansion variable.
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in usual good practice, about 1<^ of the thermal equivalent of

the work done for efficiency unity, or from 6 to lOfo of tlie

costs of power, in steam and fuel, in the real engine of common
good practice. Its use, to be of service in promoting economy,

must reduce the wastes of the real engine by more than these

quantities ; and its actual economic effect in diminishing internal

wastes are measured by adding to the reported gains, as shown

by engine-trials, these figui'es for external waste. That is to say :

where the apparent gain by the addition of the steam-jacket is

*20'^, the account is actually made u]5 of a credit of 2o^i or more,

partly canceled by a debit side of 5,^ or more. If it cannot

reduce or prevent extra-thermo-djmamic wastes by more than this

o't the net result will be a loss, in such case.

The jacket is also chargeable, in the real engine, with exag-

gerating the losses of heat due to external conduction and radi-

ation ; amounting usually to l^i and iipward, often to over 5'/c, of

all heat expended ; all of which heat is abstracted from the jacket,

when applied. Its intrinsic waste of If^ efficiency may be reck-

oned as 0.025 lb. of steam, nearly 25 B.T.U. per horse-power

and per hour, for efficiency unity, or from one-sixth to one-

fourth of a pound of steam, and from 175 to 250 B.T.U. for engines

ranging between 10 and 15fo efficiency ; in which G to 10;^ of

the heat supplied is thus used. External heat-wastes vary

nearly inversely as the linear dimensions of the cylinder; but,-

in engines of moderate size, usually consume one-sixth to one-

tenth as much as the jacket action. In other words, one sixth to

one-tenth the minimum heat supply to the jacket is required for

external, five-sixths to niue-tenths for internal, waste ; the sum
amounting, usually, to somewhere about lOfo as a minimum in the

simple engine ; the cycle being such as is assumed in the Kankine

theory of jacket action. These wastes are reduced by exter-

nal coverings of non-conducting materials and by every circum-

stance which favors the restriction of internal jacket-wastes.

The theory giving this computed Ifo difference of efficiency

against the jacket assumes that it extinguishes all other inter-

nal extra thermodynamic wastes, thus giving, in fact, a hand-

some profit, in most cases in common practice.

The jacket must supply, for best effect, as assumed in the

Rankine cycle, the difference between the quantities of heat de-

manded in the case of the non conducting cylinder and its paral-

lel cycle employing dry and saturated steam throughout the
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stroke. This difference is given in the table, and shown gi-aphi-

cally in the accompanying plate, where the jacket is assumed to

supply just sufficient heat to hold the charge in the dry and

saturated state. Were it required that the expansion curve

should be an equilateral hyperbola, it would be necessary that

the jacket should supply still more heat, and that the work-

ing steam should become more and more superheated, as ex-

pansion progresses. For this case, Cotterill has computed the

following quantities :

*

• IDEAL CONDENSING ENGINE, JACKETED.

STEAM PRESSURE, 95 POUNDS, ABSOLUTE ; BACK PRESSURE, 3 POUNDS.

r
Work
Per 11).

B.T.U.

Lbs. Steam per
Peu Houu

I.H.P.

J.icket
steam.

Heat Per
l.H.P.
Per Mill.

BT.U.

Efficiencv.

Charge. Jacket. Total. Jacketed. Not
Jacketed, t

1 79.0 32.5 0. 32.5 0.000 594 0.072 0.055
2 126.0 20.3 0.73 21.0 0.035 382 0.112 0.085
5 180.1 14.3 1.15 15.8 0.075 280 0.153 0.118
9 20(3.7 12.4 1.33 13.7 0.091 25) 0.171 0.134

13 218.0 11.8 1.44 l:i.2 0.110 242 0.177 0.139
Com-
plete 228.0 11.2 1.77 13.0 0.136 236 0.181 0.141

In this case, the jackets must supply about lOfo of all steam

used, for ratios of expansion usual as maxima in single cylinders,

and about half this proportion for each of the elements of the

multipls-expansion engine. The jacketed engine is here, as in

the preceding ideal case, less efficient, by between 1 and 2^,

than the ideal engine with non-conducting cylinder ; the differ-

ence being a nearly constant quantity for the range of expansion

usual in any one cylinder. The last column shows the efficien-

cy of the corresponding cylinder when an exhaust-waste of 20^

is asBumod.:]: This, as is seen, gives a nearly constant compar-

ative gain by the jacket of about 4;^ efficiency and of 25;*^ on the

lieat, steam, and fuel accounts. As a matter of fact, however,

the exhaust-waste would be greater at high ratios of expansion,

and the gain by the jacket, as elsewhere abundantl}^ illustrated,

considerably gl'eater than here indicated.

* The. Steam- f'Jii f/inc, 2(\ ci.\\tion, 1890, p. 51 ct seq.

f Exhaust-wasto ussumed constant at 0.20.

j Cotterill, p. 55.
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The Real Engine difiers from the ideals which have been dis-

cussed iu the fact that it is subject to three characteristic forms

of thermal aud dynamic waste, amounting usually, as a minimum,

to perhaps 30 <- of the total heat-supply :

(1 1 External heat-wastes, by conduction and radiation of heat

to adjacent bodies ; not much exceeding, usually, Ifo in good

practice.

(2

)

Internal heat-wastes of heat by transfer from the working

steam, early in the cycle, to the metal surfaces of the cylinder

walls, and to any water present in the cylinder or its passages,

with subsequent return of this heat to the working fluid, too

late in the cycle to have thermo-dynamic value; amounting, as a

minimum, to about 20;^.

(3) Dynamic wastes by friction, causing the re-transformation

of a part of the work of the thermo-dynamic cycle into heat, and

its dispersion as waste ; this seldom amounts to less than lOfo,

in the best of condensing engines, and about one-half that figure

for non-condensing engines.

The real engine is subject to the same thermo-dynamic and

unavoidable waste of rejected heat as the ideal having the same

cycle. This, together with the two thermal wastes and the one

dynamic waste of energy, above noted, constitute the total of

the wastes of all engines ; and the sum of the extra thermo-

dynamic wastes, in good practice, on a large scale, even, is usually

fully equal to the essential, unevadable, thermo-dynamic waste

of the corresponding ideal engine. The progress of the steam-

engine during the century has been, largely, that of reduction

of these characteristic wastes of the real engine.

The distribution of utilized and wasted energies in a com-

pound engine of moderate pressure aud expansion, as reported

by Hirn, is seen below :
*

Per Cent. B.T.U-

Heat supplied per B.T.U. Work 13.22 95.17

Stroke, in saturated steam. . (586.27 Radiation 1.38 9.92

Superheat 38.61 Condensed steam 4.83 34.81

Condensing water 79 . 84 574 . 76

Total 719.88 Total 99.27 714. CG

Error.. .73 5.22

100. 719.88

* Bulletin de la Societe de Mulhouse, 1877.
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The balance is remarkably close, when the time of the inves-

tigation and the facilities of the time are considered.

Two of Mr. Mair's tests of engines, the one (A) simple, the

other (B) compound, as reported to the British Institution of

Civil Engineers, give the following final results.* They were of,

respectively, 101.79 and 127.4 I.H.P., at 14.6 and 24 revolutions

per minute, employing steam containing, initially, 4'o water.

RESULTS OF TRIALS.

Steam supply to jacket, per cent ,

Los.s by back-pre.-sure, "

Initial condensation, "

B.T.U. perl. H. P. per minute
Lbs. dry ste un per I.H.P. per hour
Max. ideal efficiency

Actual efficiency

B.T.U. in ii.jcction-water per I.H.P. per hour

The steam-jacket affects and is affected by all these forms of

waste and tlieir variations of quantity. By its enlargement of

the external surface of the cylinder, and its considerably higher

mean temperature, it increases in a sensible proportion the

radiation of heat from the exterior ; while this exaggeration of

waste is reflected in its own slightly increased weight of water

of condensation, which necessarily includes all due to trans-

mission of lieat outward as well as inward. It has for its

purpose the reduction of internal heat- waste, and its action is

reciprocally modified by differences in quality of steam supplied,

and in quality as determined by the relative weight of charge

and extent and normal condensing power of the sides. The
dryer the steam furnished the engine, and the less the condens-

ing effect of the walls, th(; better the resultant effect of jacket-

action and other conditions tending toward increased efficiency.

Under favorable conditions for its effective action, the jacket

should ])roduce a saving of several times its own weight of steam

supply, of at least iliree or four times in simple engine, and Iavo to

Ihnu'. tim(^,s its weight in niultiplo-cylinder engines. The deflec-

tion of ryj, of the steam supply in(o the jacket is oflen found to

* " In<lependpnt Engine-ie.stinir ;
" Proceedings Institution of Civil Engineers,

Vols. LXX., LXXIX.; 1881-1883, 1884-1885.
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eftect an economy of 15<, as compared with the same engine un-

jaoketed. Even the friction of the engine has some relation to

jacket-action. The result of friction of piston and cylinder is

the transformation of dynamic into thermal energy, producing,

by "vvarming the rubbing surfaces, precisely that result Avhicli

the jacket is intended to effect, and, to that extent, re-enforcing

the action of the latter. On the other hand, the jacket, keep-

ing the cylinder in shape, reduces the friction of the machine,

and its effect on lubrication may have a similar or an opposite

result.

The External Thermal Wastes of the steam-engine vary

Tiith the difference of temperature of the steam-cylinder and

the surrounding atmosphere, the thoroughness of protection by
non-conducting coverings or by polish of surfaces exposed to

the air, and the extent of surface acting to produce waste per

unit of weight of steam used in the unit of time. This waste

should always be small, and may usually be made insignificant.

The higher the steam-pressure, the lower the ratio of expan-

sion, the better the finish of polished parts, and the efficiency

of the " lagging " of covered portions of the cylinder ; and the

larger the engine and the greater its power per cubic foot of

volume of cylinder, and, also, the warmer the engine-room or

the location of the engine, the less this loss. The method of

attachment of cylinder to frame, even, will affect its magnitude
;

since the larger the surfaces of contact the better the conduction

of heat to the greater mass. Its total amount varies, in the best

of practice, from I'^i in large simple engines to lO^o in small mul-

tiple-cylinder engines.

In the unjacketed engine this waste is a drain upon the heat

of the entering charge of steam, causing an internal condensa-

tion of corresponding amount. That is to say, an engine radi-

ating If« of its heat-supply into space is subject to at least

K more internal condensation than one covered by perfectly

non-conducting lagging, and loses by that process correspond-

ingly less than the badly protected engine, radiating and con-

ducting much of its heat to surrounding objects. In jacketed

engines tliis waste is supplied wholly from the heat furnished

the jacket, and its amount is the measure of a similar vari-

ation of quantity of jacket-water, while the cylinder conden-
sation becomes independent of efficiency of external covering.

External thermal waste and a steam-jacket have precisely oppo-
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site effects on internal wastes. The former, drawing for its heat

upon the jacket, however, has no influence upon true jacket-

action, which proceeds precisely the same, whether external

wastes are small or great. The drain of heat into the cylinder

is measured in the jacket-water, nevertheless, only after the por-

tion due external waste has been separated, while the effect of

the jacket is measured by the sum of these two distinctly differ-

ent results of its action—the removal of the injurious effect of

external loss, as affecting internal condensation, and the true

jacket-action, due to the passage of heat from the jacket into

the cylinder. The former is the same in effect as a perfectly

non-conducting covering ; tbe latter is a positive heat-supph%

introducing a minor to check a major waste. An engine con-

densing but l'~o of its steam-supply in its jackets illustrates

the first case ; one condensing, under similar conditions, other-

wise, 10"/, illustrates the second. The first jacket acts simply

as a lagging, so far as it affects the internal working of the

steam ; the second actively supplies heat to check internal

wastes. In multiple-cylinder engines the larger the number
of cylinders, and the greater their aggregate area for a stated

power, the greater this loss and the lower the total efficiency.

The total internal wastes of the series may, in this case,

be taken as that of a single cylinder ; but external waste

is the sum of the losses from all. The value of the jacket is

measured, as already noted, by the excess of its effect in reducing

initial condensation over the amount of jacket condensation due

the two effects here referred to. Should the latter sum be the

greater, the jacket is a source of waste instead of gain.

The magnitude of this waste may be reckoned as from

2 B.T.U., with rough cast iron, to 0.5 B.T.U. per square foot of

well-covered cylinder surface, per degree range of temperature

between internal and external walls, and per hour. In the most

economical engine of which we have record, the triple-expan-

sion pum])ing engine of the city of Milwaukee, this figure is 0.7

B.T.U. For exceptionally well-covered cylinders this quan-

tity may be reduced one-half. For engines of about 500 H. P.

tliis amounts to from 1 to 2v of all heat supplied, in the

best practice. Mr. J. S. Mair reports from 1 to S'^r', usually

less than 2^/. Where comparing engines of different sizes,

it may bo roughly estimated as var3'ing inversely with the

size of cylinder, and taken as 100'^ divided by the diameter of
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piston.-^" With multiple-cylinder engines, well covered, it lias

been reduced to about this latter figure, the diameter of the

low-pressuro piston being taken as the divisor. In a series of

agricultural engine trials, in Great Britain, reported by Messrs.

Bramwell and Anderson, some years ago, the percentages of

radiation losses were substantially the same with simple and

compound engines of equal size and similar class in design and

workmanship.^ Great variation was observed among the vari-

ous engines tested ; the loss by external radiation ranging, for

boiler and engine togetiier, from 5 to 15 » of the heat generated

in the furn.ice. Of this waste a small fraction, possibly one-

tenth to one-twentieth, for small double engines and large single

engines, respectively, is to be charged to the surfaces of the

engine cylinders. Comparing simple and compound engines on

the basis of power delivered, the latter were found to dissipate

2,000 to 5,000 B.T.U. per hour per brake horse-power ; while

the former wasted from about 2.500 to above 6,000 B.T.U., in

all cases reckoned as from engine and boiler together.

Experiments of Dr. A. M. Mayer, communicated to the author,

give the following : The relative radiations from a cube of

cast iron, having faces rough, as from the foundry, planed,

" drawfiled," and polished, and from the same surfaces oiled,

are as below

:

Surface. Oiled. Dry.

Hough 100
60
49
45

100
Planerl 33
Dr.Twfilerl 20
Polislied 18

The singular fact here appears that the oiling of smoothly

'-' Dividing 20,000 by tlie product of diameter of cylinder in inches—of the large

cylinder, if multiple—and the range of temperature on the Fahrenheit scale

between that of the steam and that of the surrounding atmosphere, the quotient

may be tal;e:i as a rough measure of the percentage of heat wasted externally

by the best clothed engines, i.e.,

n = 2f>,000

(I AT
When, as is not unccmmon, .^7' is about 200°, this becomes

d

and corresponds closely with tlie best recorded cuses. The waste is often 50^

higher,

f Manual of the fiteam Engine, § 126, pp. 484-6.
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polished castings, as of cyliuder-heads of steam-engines, more

than doubles the loss of heat by radiation, while it does not

seriously effect rough castings. On the other hand, the exper-

iments of the author and his coadjutors show that, by super-

ficial oxidation, the heat transfer between metal and steam in

the engine cylinder may be reduced to about two-thirds the

usual quantity, while the addition of a non-conducting varnish

may make this figure as low as about one-third."

The Internal Thermal Wastes of the engine are always of

serious amount, and often constitute a vastly greater charge upon

the machine than all others together, even including the un-

avoidable thermo-dynamic waste which, in the best of engines,

amounts to 75'^' and upward of the demand in the ideal repre-

sentative case ; and 90.:^ in the real case is a moderate total

exhaust waste, comprehending both these losses. The fol-

lowing statement gives roughly the magnitude and rate of reduc-

tion of this loss in the standard forms of pumping engine, at the

dates given

:

Date. Engine. Duty.
Internal Waste.

Per cent.

1750 Savery 5,000,000 95

1760 Newcomen ] 2,000,000 93
177.) Watt 20,000,0(10 80

1800 Watt 30,000,000 70

1820 Cornish 50. 00 J, 000 50

1850 Cornis^h 80,000.000 40

1870 Compound 100,0(10,000 30

1880 Compound 120, ( 00,000 30

1800 Triple-expansion 125,000.(;00 25

1893 Triple expansion 145.000,000 20

The latest of these engines, employing steam of 125 lbs. press-

ure, by gauge, expansion 20 times, and with a condenser pressure

of about 2 lbs. per square inch above vacuum, sljould, internal

wastes aside, do its work witli about 9.25 lbs. of stoam per hour

per horse power. It actually raquires 11. 6S lbs. as the mini-

mum record, the internal wastes being about 20>' of the heat

supplied. Without the jacket, the internal wast(>. would proba-

bly be about 50ji higher. Could all wastes be extinguished, the

duty Avould become about 21)0,000,000, or that of the ideal rc])re-

sentative case.

* "Thi! Final Improvement of tlicSfonni Enp:ino,

iriffH of the United Stales Naval Institute, 16'91.

R. n. Thurston. Proceed-
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Internal thermal waste, initial or cylinder condensation, as it

is varionsly called, is known to occur mainly on the instant of

opening the steam-valve to admit the entering charge, and to be

substantially complete, in all ordinar}' cases, at the time of

closing of that valve. It thus is produced by the surfaces of the

cylinder wall exposed to contact with prime steam up to the lat-

ter point in the stroke of the piston. This area includes the

surfaces of head and piston, of the port-passages between cylin-

der and lower face of valve, and portion of the cylinder proper

uncovered by the piston in its movement up to the point of cut-

off. It is known, also, that, as a rule, the intensity of this action

depends upon the range of temperature through which these

surfaces pass between that of initial steam and of back-pressure.

It is still further known, both by theory and by direct experi-

ment, that the quantity of this waste varies very nearly as the

square root of the time allowed for the cooling of the cylinder

wall to the minimum tem]:)erature of that range. Heating to

the maximum temperature occurs with enormous rapidity ; but

cooling is a comparatively slow process. Whatever the amount
of heat rejected by the metal, it will be fully and almost in-

stantly returned when the steam again strikes the metal. The
" time of exposure," as it has come to be called, is, therefore,

that of action of the exhaust, and not, as originally assumed by
Rankine, for example, that of action of the entering steam.*

The total area thus acting varies greatly with the form and
extent of the " dead spaces " or clearances. In some Corliss

engines these have but little more than li of the volume of the

cylinder, and a total area but slightly in excess of the sum of

piston and cylinder-head surfaces ; while in other cases, with

single valves, particularly, they amount to 10 or even 15fc of

the cylinder volume, and have an area double that of the two
heads.t While experiments, as might be expected, give, often,

discordant results, in consequence of the great variations of

heat-transferring power of the surfaces of different engines, and
of the same engine at different times, or with variations of qual-

• For perhaps the best proof of this fact, see Transactions American Society

Mechanical Engineers, Vol. X., 1889, No. CC'CXLIX.; where the so-called con-

stant in trie Rankine formula, based on this assumption, varies from 0.27 to 0.83,

a range of between 3 and 4 to 1.

f Cotterill : The Steam- ?Jnfjine an Thermo-dynamic Machine ; Thurston's Man-
ual of the Steam-Enrjinc, Vol. I., Chap. V., arts. 128-130.
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ity of tlie working fluid, the following may be taken as good and
usual measures of this waste in common practice :

TT. __ W'aV r t .

where

W = weight of steam initially condensed
;

W ~ weight demanded for the corresponding ideal case
;

r = ratio of expansion
;

d = diameter of piston, in inches
;

t = time of one revolution, in seconds.

The coefficient a ranges from 3 to 4 in ordinary examples, for

unjacketed cylinders, and from 2 to 3 for well-jacketed engines.

Occasionally, with exceptionally dry steam, or with unusual
" reluctance " of heat-transfer, or perhaps with uncommonly
slight precipitation of water on the metal, these coefficients may
fall to one-half the maximum figure just given." With well-

superheated steam a falls, in some cases at least, to unity.

The weight of steam condensed on known areas of cylinder

wall may be taken as, on the average, approximately per stroke,

where

A = area in action, in square feet

;

Ti and T2 = temperatures, initial and final.

c = a constant coefficient having the value, for similar con-

ditions to those above, of, approximately, 0.0025 for time, /,

occupied by one revolution, taken in minutes, or 0.00033 for

time in seconds. Measuring the heat-waste in B. T, U., the

constant becomes c = 2.5 for minutes, and c = 0.33 for seconds

per revolution, or time of complete cycle.

Tliese figures correspond, in the common forms of mill engine,

to a percentage of steam supplied very generally nearly equal

to 0.2 Vr, in engines of one or two hundred horse-power and

at customary "moderate " speeds of piston. A not unusual pro-

portion of steam condensed is 20 to 30'^";. The comi)utations of

probable values can never be taken as more than approximate

;

* TranHnclions American Society Mechanical Engineers, Vol. XI., 1890, pp. 170,

175, tables.



THE THEORY OF THE STEA^f-JACKET : CURRENT PRACTICE. 821

as every variation of quality of steam supplied, of conditions of

condensing surfaces, or of quantity of M'ater adhering to tbe

wall, or collecting in the engine, or of any of the essential work-

ing conditions of the machine, modifies the rate of heat transfer

between the steam and the metal. The approximation may be

made fairly close and satisfactory, however, for most cases

in practice. It is far less easy to predict the efficiency of

the steam-jacket in reducing this waste ; as the facts of expe-

rience exhibit enormous and often unaccountable variations of

jacket-action, under apparently identical or very similar condi-

tions ; while they show clearly, nevertheless, that a well-made

and well- maintained jacketing will always, at high ratios of

expansion and at low to medium engine speeds, pay for itself

handsomely. The results of experiments at Sandy Hook, Conn.,

are seen in the table given herewith.*

CYLINDER CONDENSATION.

SIMPLE NON-CONDENSING ENGINE.

{Experiments at Sandy Hook, 1884.)
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(15; 2.00 3.5 1.5

1
0.242 135.85

1 1

" " 26.74 3.46 244.26,147.21 9.36.6 1.700 0.01372 12.94

(16) 3.00 3.5 1.5 0.412135.96 U .1 65.36 14.70 298.16'2I2 407.5 (?)1.122 0.01884 (?)
(17) 2..30 3.5 i.5 0.420 117.14

;; ;;
60.4214.82 281.30 212.4 '504.5 (?)1..307 0.02288 (?)

(18) 3.01J 3.5 1.5 0.4f)l 1.^5.02 40.62 14.88 267.87 212.6 620.8 1.190 0.01416 13.11
(13> 3.00 3.5 1.5 0.4661.33.04 *' '*

28.40 14.84
I

247.56 212.49 886.6 (?)1.376 0.04(!90 (?)

(») l.:W
! 3.5 1.5 0.03^ 126.95 .. ..

27..3^! 3.15 245.56 146.31 916.2 1..322 0.01404 12.23
(21) 2.00 3.5 1.5 0.961 100.60 " " 28.35 3.86 247.46 151. .57886.

8

1.403
1
0.01.^28 14.36

(22; 1.45 3.5 1.5 0.981. 67.48 " " 23.53 4.rf6 247. 81i 101. 94: 881.6 1.504
1 0.01449 13.62

"Marks on the Steam-engine;" Thurston's Manual of the Steam-Engine,
VoL I., p. 509.
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Numbers 7-10 illustrate varying expansion ; 11-15, varying

steam-pressures, condensing ; 16-19, varying pressure, non-con-

densing ; 20-22, varying speed of engine.

Cotterill deduces, for the fraction of steam-supply condensed

initially, tlie following expression, which gives substantially the

same results as that of the writer ; the same functions of time

and of dimensions of engine being employed, and the logarithm

of the ratio of expansion being substituted for the square

root of that ratio :

_ C log.e r

in which d is the diameter of cylinder in feet ; N is the number
of revolutions per minute ; and (7 is a constant which may
have values from 3.5 to 7.5, according to quality of steam and

condition of the cylinder wall in respect to heat-transfer. The

average of all cases reported is about 5.5 ; the figure being, for

the Sandy Hook experiments reported by the writer, 5.3 ; that

investigation representing a fair average case. The lowest

values of G correspond with most favorable economical condi-

tions ; the highest values indicate either wet steam, standing

water in the cylinder, or peculiarly rough walls or otherwise

high-conducting and heat-transferring power in the surfaces

of the cylinder exposed during the period of initial conden-

sation.

The quantity of heat thus abstracted from the entering steam

and absorbed by the cylinder wall amounts to from 500 to 700

B.T.U. per square foot of that surface per minute, at low ex-

pansions, increasing with increasing expansion. A rough esti-

mate may be taken as

where // is the quantity of heat thus transferred, in the cases

above referred to. This corresponds very nearly to

//=3-^ TWr-,

where J T is the range of temperature between initial and ex-

haust pressures. The total amount transferred ranges from
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1,000 to 3,000 B.T.U. per square foot per minute, in common
cases.

The condition of tlie surfaces probably exerts a very impor-

tant iniiuence upon the magnitudes of these quantities and the

economical performance of the engine. A smooth, greasy,

cylinder wall, especially in presence of dry steam, permits but

little heat to be transferred ; and the Avriter has shown the

possibility of considerably decreasing this waste by saturating

a deeply oxidized surface with the resin from a drying oil, or

with other good non-conductor.* The rush of the entering

steam was relied upon by Willans to sweep off the precipitated

water from the cylinder wall in his engines, and thus to aid in

preserving dry surfaces.

+

A careful examination of all the evidence to date indicates

that it may usually be assumed, without important error, that

initial condensation is practically complete very early in the

stroke, and that it is substantially all produced by the surfaces

of the clearance and port-spaces, and therefore, in any one

engine running at regular speed and only vdlrying in degree of

expansion, a nearly constant quantity. | The varying ratios

which have been assigned it, as a fraction of the steam con-

sumed by the engine, in such cases come of the variations of the

amount of steam supplied, simply. "With constant condensation,

range of temperature and of pressure, and speed of engine con-

stant, it becomes easy to compute the total expenditure of heat,

steam, and fuel, by ascertaining that required for the ideal

ease, and adding a constant quantity for internal wastes. The
quantity so taken may usually be assumed to be about 15 lbs.

per square foot of internal area of cylinder for non-condensing

engines, and 20 lbs. for condensing engines, in which the range

of temperature is commonly nearly twice as great.

The discharge of heat from the internal surfaces of the

engine-cylinder must obviously depend both upon the physical

* Proceedings United States Naval Institute, 1891.

f Probably one reason of the extraordinary economy of the Milwaukee triple-

expansion pumping engine may be tlie fact that its Furfact-s exposed to tbis

aciion are of small area, and that tbe steam has its exit through the cylinder

head, and thus exerts no cooling action on extended areas of condensing port

Biirface.

J This fact is, perhaps, one of the best possible proofs of the importance of

applying steam-jackets, where u'ed, to the heads, and, if practicable, to the piston,

rather than to the barrel of the steam-cylinder.
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condition of the metal and upon the nature and extent of the

surface coating of moisture, grease, or other adherent substance,

with which they may be covered in regular working. The

regularity or variability of this deposit of covering, or of this

condition of surface, will also affect both the average action of

the engine and its uniformity and reliability of economical

performance.

The same variability of heat-transfer which has been noted

with external surfaces undoubtedly occurs inside the engine

with differences of surface condition. Presumably, the radiation

effect may be taken in presence of moist steam, for dry and

rough surfaces, as not far from 2 B.T.U. as a maximum per

square foot per hour per unit difference of temperature on the

Fahrenheit scale. For smooth surfaces about 0.5 B.T.U., and,

if the latter are bathed in oil, about one thermal unit. Where
the surfaces are hot and dry and polished, and in presence of

hot, dry steam, it is supposed that the discharge of heat will

not exceed one-tenth the amount transferred from the metal

when rough and exposed to air. The figure for this case may
be taken as about 0.05 B.T.U. The rate of delivery of heat

to the metal to and from a mass of steam evaporating from or

condensing upon it, on the other hand, is, as has just been seen,

vastly greater than that of the reverse transfer. It is, however,

the rate and quantity of loss of heat from the metal during the

period of cooling only, during expansion and exhaust periods,

that it is important to be able to compute.

The Rate of Heat-Intekchange between steam and cylinder

wall is dependent upon the physical qualities of both the tluid

and the metal. The readiness with which the former yields its

lieat of vaporization in condensing, and accepts heat in re-

evaporating; the conductivity, density, and specific heat of both

metal and fluid, and the character, especially, of the surfaces

across which the transfer of heat takes place, are the principal

determining conditions.

Water condenses upon a cold surface, by surrender of its

latent heat as steam, instantly upon contact with the solid, and

its rate of condensation is only limited, apparently, by the rate

of flow into the substance to which it is transferred, of the

lieat thus surrendered. TIio progressive reduction of rate of

condensation observed, where sensible, is due to the rise in

temperature of that surface, with corresijouding loss of the tern-
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peratiire-liead ; to wliicli head that rate of transfer is propor-

tional. Coiikl the area upon which condensation takes place be

hehl down to its initial temperature, and the heat-flow thus

made such as to carry away the heat received as rapidly as

yielded by the vapor, the steam would condense with a rapidity

only limited by the obstruction of heat flow from it to the metal,

through the action of the accumulating cushion of water of con-

densation, or by the limit of velocity of flow of the fluid toward

the condensing surface.

The metal takes up the heat from the steam partly by stor-

age, a process proportional in efiectiveness to its specific heat,

and partly by conduction to remote portions of the solid, a

process efi'ective in proportion to the conductivity of the sub-

stance, and its density. The cylinder wall is usually composed
of cast iron, having a density of about 450 lbs. per cubic foot,

a specific gravity not far from 7.25. Steel "liners" are used on
marine-engine C3dinders, having a density of 480 lbs. per cubic

foot, a specific gravity of about 7.75. The specific heat of cast

iron is variable with composition, and is usually taken as one-

ninth, water being unity. Regnault gives 0.118 for wrought
iron or steel, and 0.138 for dark cast iron, 0.12728 for white

iron. One-eighth is perhaps a fair approximate figure for

present purposes. The conductivity of solid iron, according

to Forbes, is sufficient to transmit 7.5 B.T.U. per minute,

or 450 B.T.U. per hour, across a section one foot in area, with

a temperature-head of one degree Fahrenheit.

One cubic foot of iron thus stores or yields 60 B.T.U. for

each Fahrenheit degree variation of temperature. One cubic

foot of water, at its temperature of maximum density, stores or

re-stores 62.425 B.T.U. per degree. Its density decreases, how-

ever, at the rate of about one-tenth of a pound per cubic

foot, for an increase of 50"" in temperature, and becomes, at

335^ Fahr., corresponding to a gauge-pressure of 95 lbs. per

square inch, 50 lbs. per cubic foot. At the now customary

pressures and temperatures of steam, the water of condensation

on the cylinder wall stores about 55 B.T.U. per cubic foot

per degree. It thus stores about lO:;^ less than iron in the

same volume. Each pound of steam, condensing, surrenders to

the iron, or, in evaporating, receives from the metal, the latent

heat of vaporization—which, at usual pressures in good practice,

is something less than 900 B.T.U. —and the small portion of
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sensible heat corresponding to the minute fall of pressure

occurring at the moment. It will be here assumed that 900

B.T.U. per pound is thus given up to the cylinder wall, or re-

ceived from it, in transfers between it and the steam.

The rate of transfer in iron is expressed by the equation

Q =
aAtAT

(1)

where A is the area affected, and s the thickness of the wall or the

space traversed between the surfaces or j)lanes taken as bound-

aries, and z/T is the difference of temperature observed or

assumed. In the mass of solid iron, according to Forbes, the

coeiScient a is 7.5 for time, t, in minutes, 450 for t, in hours, and

for s in inches, and Tin Fahrenheit degrees. We shall find this

coefficient extremely variable, with variation in the surface con-

ditions affecting transfer, in such cases as are now to be studied.

The most important difference usually comes of the fact that

the resistance to transfer of heat across a thin plate, as in the

steam-boiler or in a condenser, is often due mainly to the surface

layer of non-conducting material, which always consists, in part,

at least, of oxide, and, in the boiler, with a covering of soot on

the one side and of incriistation or sediment on the other. Thus,

taking 5,000 B.T.U. per hour per square foot of heatitig sur-

face as a common mean rate of transfer in the steam-boiler, and

the difference of temperature producing flow as averaging 1,000°

Fahr., the coefficient is found to be, for an average thickness of

a quarter inch.

_ Qs _ 5,000 X 0.25

AT 1,000
r= 1.25 (2)

one-sixth the rate obtained as above, for transfer through the

metal.

Except for this surface resistance, the rate of transfer would

be, according to Forbes's experiments,

Q = 450 X 1,000 ^ 1 8QQ QQQ B.T.U.,

per square foot per hour, or the equivalent of an evaporation ot

about a ton of water into steam on each square foot each hour.
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This is three hundred times the usual maximum. Isherwood

found cast-iron condenser tubes to transmit 316 B.T.U. per

hour per sqiiare foot per degree, irresijective of thickness up

to the limit of his experiments—0.375 inch—and wrought iron

gave :20 < higher figures. Copper and brass transmitted about

double the figures for irou, under similar conditions."' The

steam-engine cylinder, as a condenser, in the initial portion of

the stroke usually has fully as high, and often much higher,

eflfectiveness.

Thus we find the following, according to Cotterill, as the heat-

transfer in the engine cylinder in Emery's experiments on the

Ba<;he and the Dallas : f

INITIAL CONDENSATION—EMERY.

Engine and Dimensions.

Heat-WASTE : B T. u.

r iV A

per lb.

Cond.

per cent.
perlb. per sq. ft.

per sq. ft

per mill.'

Bache.
25' X 2'

p. =90

12.6
8.6
5.1

40
46
54

49.2
48 2
47 4 '

62.8
47.4
30.3

558
421

269

11.8
8.8
6.7

2.736
2,112

1,608

Dallas.

36 X 2i'

p, =47

5.1
3.9
2.9

49
57
64

60.0
53.0
46.6

34.5
26.4
21.5

317
24:5

198

5.3
4 5

4.2

1,272
1,080

],008

Average 1,636

The average is 1,636 B.T.U. per minute, or 98,160 per hour,

corresponding to a condensation of about 1.8 and 108 lbs. of

steam, respectively.

These quantities of steam condensed amount to from 16 to

65 B.T.U. absorbed by the cylinder wall per square foot per

revolution. The time actually occupied in the condensation of

the charge is usually less than one-fourth of one second.

Assuming a penetration of one-tenth of an inch to the layer

of sensibly constant mean temperature, the above average per

minute gives as a mean,

J T = 1,600 X X 0.1

7.5
: 2 1.33° Fahr., (2)

as the temperature-head producing flow, and the measure of

the fluctuation ; but the actual would be twice as great, at least,

See Manual, Vol. II., p. 137.
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as the average fluctuation of temperature in this superficial

film. Dixwell deduced from his experiments a range of 30'

Fahr. for a smaller and faster engine. For the most rapid flow

in the above table—corresponding to a ratio of expansions of

12.6, instead of, as in this case, 5.1—the mean range of fluctu-

ation would be 40° Fahr. nearly. For the minimum flow, 1,000

B. T. U. per minute, the mean range would seem to be about
14^. The extreme fluctuations would be, above, above 45°, 80^,

and 20' Fahr , respectively. The above corresponds fairly with

Forbes' figure for cast-iron.

Thus, if we take Dixwell's estimate of temperature fluctu-

ation, and Churchill's measure of depth to the film of insensible

variation, 0.1 inch, we find the mean coefficient to be

a = 1,600 X 0.1/30 = 5.3, (4)

for the average case, for one minute, 18 B. T. U. per hour.

This figure is substantially the same as that obtained by Isher-

wood, whose condenser tubes had not far from the same mean

No.1
^ / 1

1

^
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Fig. 244.
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thickness of tlie sanio larger value. It is further seen that the

engine-evlinJer transfers heat several hundred times as rapidly

as the steam-boiler.

The flow of heat through a layer of water is comparatively

slow, since the conductivity of the liquid is very low, and about

one one-thousandth that of iron. A film of water on the sur-

face of the cylinder wall will thus retard the passage of heat

into or from the metal, and, by alternate condensation and re-

evaporation, it will itself store and restore the heat of the steam.

The Thickness of the Film of Metal of a cylinder-wall

affected by the rapid variations of temperatures accompanying

the changing steam-pressures in the course of the cycle of the

engine is known to be very slight in even the unjacketed en-

gine ; and its depth is restricted by the action of the jacket.

The first recorded experiments directly determining this fact

were probably those of Mr. A. A. Wilson, of the Quintard Iron

Works, Xew York City, who, in 1882, conducted a series of in-

teresting experiments upon one of the pumping engines of the

' o. 2 ^\
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West Side Stations of the city of Chicago. The engine had the

following dimensions :

Diameter of high pressure cylinder, 48 inches ; stroke of pis-

ton, 6 feet; clearance, 5.15"^; low pressure cylinder, 76 inches

diameter, 10 feet stroke, clearance 2.5<.

Figs. 244 and 245 exhibit the forms of the indicator diagrams

obtained, and the following are their principal elements and

data:

High rressurc. Low Pressure. High Pressure. Low Pressure.

Card Number 1

P.M., 3.15
Gauge, 45
Abs.
Lbs., m

10
273°

27.8
28.5

28.15

89.235
93.765
183.0

28£

1

3.15

45

m
10

3.65
4.175

3.9125
4!). 08
56.83

106.52
.52

2

P.M., 3.15

45

13.5

10
272°

27.6

28.1

27.85

88.59
9243

181.03
284

2
Time 3 15
Boiler Steam 45
Recorder Sleam
VacuuDi 13.5

Revolutions 10
Temperature of Cylinder.
M.E.P., Top '

3.5

M E P. Bottom 4.075
Average M.E.P
I.H.P., Top

37.875
47.64

I.II.P. Bottom 55.47
I.H.P., Total 103.11

13

The purpose of taking these diagrams was to ascertain the

condition of the working charge of steam and its variations of

pressure and temperature during the movement of the piston,

and while the changes of temperature of cylinder-wall were being

observed. It will be especially noted that the speed of engine

was but ten revolutions per minute, and that the time allowed

by variation of that temperature and the adjustment of the

thermometer to its variations was exceptionally great, and

the conditions thus unusually favorable to accuracy. The ther-

mometer was inserted in the high-pressure cylinder-wall, as

shown in the sketch (Fig. 246), and as near the point of cut-off as

possible. The bulb was inserted to the centre of the metal wall,

and the stem was protected by cotton waste from circulating air

currents, or other heating or cooling actions. The thermometer

was very sensitive, and its bulb was in contact with the metal.

The indicated temperatures were absolutely constant throughout

the period of the stroke of the engine, throughout the whole revo-

lution, in fact ; and its column only varied slowly, as tlie boiler

steam and that in the steam-chest of the euijine made their
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ordinary flue tiiat ions, following the temperature of the steam

but about '20"^ below. The working steam was very wet, due

mainly to cylinder condensation, and the re-evaporation was

such as to produce bo'i more vapor at the opening of the exhaust-

CYLINOER BORE

Fig. 246.

valve than at the close of the cut-off valve. The following table

exhibits the pressures and temperatures observed during a

period of sixteen hours :

OBSERVATIONS OF TEMPERATUETES OF HIGH-PRESSURE CYLINDER.

Time. Steam. Temperature. Time.

3 A.M.

Steam. Temperature.

6 P.M. 46 lbs. 269^ 47 lbs. 274"

7 " " 4 " " 275°

8 " " "
5 " " 273°

9 " 47 lbs. 270' 6 " 48 lbs. 274°

10 " 44 lbs. ((
i 7 '• " 2:3"

11 " 46 lbs. 27r
;

8 '• 4(;.5 lbs. 271.75°
12 " 50 11's. 275° 9 " 46 lbs. 270°

1 A.M. 48 lbs. 274° 10 " 47.5 lbs. 272°

3 " 49 lbs. 274.5°
:

The outcome of the experiments was the adoption, for the

engine about to be constructed, of moderately superheated

steam f.SO' Fahr.), and jacketed heads on the lower ends of the

cylinders, and the attainment of a dut}- when tested of above

95,000,000, a very high figure for the time. With this slight

superheating 3Ir. Wilson reported no evidence of condensation

and re-evaporation in the cylinder.

Mr. Dixwell estimates, as a deduction from his own tests,

that the mean variation of cylinder-temperature does not exceed
30' Fahr. He thus takes, in the discussion of one of his engine-
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trials, a case in whicla 920,000 lbs. of steam passed through the

engine, while it made 223,000 strokes
;
giving 4.12 lbs. per stroke

at the point of cut-off. Taking the specific heat of steam at

0.475, and of iron at 0.114, the loss of temperature of the steam

which was initially superheated, having been found to be

200° Fahr.

4.12 X 200 X 0.475= a; x 30 x 0.114,

when X is the weight of iron ; then

a:= 114.4 lbs.

of iron varying in temperature the specified amount, 30° Fahr.

The area of surface was 56.59 square feet ; and the thickness,

to weigh 114.4 lbs. would be but 0.054 inch, or less than one-

sixteenth.

In the course of experiments in the Sibley College labora-

tory, Mr. W. W. Churchill being the observer, the thickness

of metal of cylinder-wall was reduced to 0.2385 inch, and the

temperature of its outer service observed by means of the

instantaneous action of a balanced Wheatstone bridge and a

pLatinum-wire conductor, and without change being detected,

the temperature of the entering steam being 300 Fahr. and

upward, the engine non-condensing, and the revolutions 308 per

minute. The load was light, however, and compression heavy.

The conductor indicated a constant temperature averaging six

degrees lower than that of the steam at entrance. In another

series, the same general results were obtained ; but the temper-

ature recorded was less constant.

lifeducing the thickness of wall to 0.115 inch, another series

of trials showed slight variation of temperature and a reduc-

tion from that of the steam of about 25 degrees. Still further

reducing the wall to 0.0426 inch, a fluctuation of 17 degrees

became observable. These were all tentative experiments,

however, and are not considered as giving reliable quantitative

values.

Professor J. H Hall has employed a plug similar to

Churchill."' Using their system of temperature measurement,

in a small—10-inch cylinder, 15-inch stroke— engine, the vari-

ation was found to be approximately determinable at any

* Tram. Am. Inst. Elect. Engra., May, 1891.
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point or time iu the stroke of piston. Tlie external wall, which

was about 0.8-incli thick, had a temperature of 109 C. (228°

Fahr. I when the enterinf? steam was at 48 lbs., absolute, and

its temperature 138^ C. (^280' Fahr.), the speed being 60 revo-

lutions per minute and the ratio of expansion 3.3. With a

thickness of wall of 0.5 mm. (0.002 inch) the heat penetrated

so freely as to give temperatures approximating that of the

steam (131'' C. ; 288° Fahr.), has as read, actually higher, in con-

sequence, presumably of errors of observation and defect of

apparatus and method.

Deloutre finds, by discussion of Hirn's experiments, that each

square meter of cylinder-wall absorbs 0.225 Cal. per degree,

centigrade, of variation of temperature of steam in contact with

it. 0.9 B. T. U. per 1° C, on 1.6 B. T. U. nearly, per 1° Fahr.

—equivalent to 0.16 B. T. U. per 1° Fahr. per square foot

nearly.

He finds the thickness of metal film affected to be 0.000,267m.
f

= 0.01 inch nearly.

De Freminville's computations have already been given in

detail. Dr. Kirsch assumes a minimum thickness of cylinder

in his investigation at 20 mm. — 4-incli.

Computations, following Fourier and Cotterill, will be given

later.

The thickness of the film, whether of water or of steam,

acting to produce these interchanges of heat in the process of

cylinder condensation may be readily computed, the conditions

of operation being stated. Tlius : with steam at 115 pounds

pressure, absolute, we have

Pi = 115
;

T, = 338— 461 = 799° Fahr.

Vi = 3.8 cu. ft.

;

Z>i = 0.26 lbs ; D = 55.88 lbs.

;

hi = 1185 B. T. U. ; Iy = 877 B. T. U.

;

where D is the density of the water in contact with steam of the

density D^ ; hi is the total and /i the latent heat of the steam
;

the total heat measured from 32° Fahr. The relative volume
of steam and water is 23>), nearly. The total heat per cubic

foot is 308 B. T. U. and the latent heat is 228.

To compute the thickness of the film of metal, considered

as uniformly variable in temperature, let
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X = its thickness iu feet

;

10 = weight of metal per cubic foot

;

tv^= weight of steam condensed per hour
;

AT = range of temperature of metal

;

Q = quantity of heat transferred per lb. steam
;

C — specific heat of the metal

;

A = area affected in square feet

;

N — number of exposure per hour.

Then
xw AA TC N^w' Q;

If we take

X =w' Q/A CN A Tw

w = 4tbO; zJ T r. 50"
; C = 0.125 ; N =- 3,000 ;

w' = 100; ^ == 900 ; /I = 1
;

X = 0.0167 ft. ; = 0.2 inch.

The actual quantity of metal affected, measured to the layer of

insensible variation, is of at least double this extent, and, pro-

bably, more nearly a half inch.

The heat yielded to the metal by the production of the water

of condensation is not far from 50,000 B. T. U. per cubic foot of

the liquid, at the assumed pressure ; the weight of the liquid

being about 56 lbs. per cubic foot and its latent heat approxi-

mately, 900 B. T. U. The weight of iron taken at 450 lbs. per

cubic foot and its specific heat at 0.125, gives 56 B. T. U. per

cubic foot, per degree difference of temperature. The thickness

of the layer of iron which will accept the heat surrendered in

the formation of one foot depth of water of condensation on a

square foot is thus :

£c = 450 X 50 X 0.125 / 50,000 = 0.056 ft.. (2)

or about one-twentietli the depth of the layer of water. Where
the metal is affected to the depth of 0.2 inch, therefore, taken as

uniformly affected, the film of water produced would be but 0.01

inch in thickness ; and where, as in experiments quoted else-

where, the depth to film of sensible variation is but 0.1 inch,

and where the corresponding thickness of uniform mean varia-

tion is something less than 0.05, tlic film of water on tlie surface

of the cylinder-wall would be but about 0.0025 inch., one four-
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liimdrecltli of an inch thick. Tims, as it was expressed by De
Fremiuville, many years ago, the effect of a film of water on the

surface of the metal is such that a layer resembling "the mist

on a window pane " may produce all the effects observed in

cases of moderate c^dinder condensation, in steam-engines.

Equal weights obviously, of water and iron, produce effects in

proportion to their specific heats, or in the proportion of about

eight to one.

Taking precipitation by condensation, of one-third of a cubic

foot of steam upon the surface of the cylinder-wall one foot

in area, it would produce a film of water one seven-hundredth

of a foot thick, one-sixtieth of an inch. Distributed, as is

more usually the fact, over several, say five square feet, the

thickness of the film of moisture would be about 003 inch.

The quantity of heat thus transferred in practice between metal

and steam ranges from 500 B. T. U. per minute per square foot,

with superheated steam or good jacketing, to above 3,000 B. T. U.

in unjacketed cylinders with large expansion and wet steam, or

from 30,000 to"^ 180,000 B. T. U. per hour ; while the surface

condenser ordinarily takes up but about 15,000 B. T. U. per hour,

and the steam-boiler averages 3,000 to 5,000 B. T. U. per square

foot. Cylinder condensation is thus the most effective process

of liquefaction known in steam engineering. The fact is due

mainly to the rapid alternation of temperatures, through a mod-
erately wide range in a very thin film of metal, or of liquid, or

both ; making the case one of transfer by a large temperature-

head of a superficial layer, instead of. as in the other cases, by
moderate head-gradients, and through considerable thickness of

metal, and resistant layers of oxide, scale, moisture, slowly con-

ducting films of water, or cushions of non-conducting steam.

The thickness of water permanently covering the cylinder-wall

must be, as has been seen, twenty per cent, thicker than the

computed thickness of metal to produce an equal effect in heat

absorption.

But the figures which have been given afford no idea of the

actual rapidity of transfer of heat during the fraction of a sec-

ond usually occupied by the process in each revolution of the

engine. Taking the time of exposure, as sometimes observed,

as one-tenth of a second, and the quantity transferred at high

ratios of expansion as 50 B. T. U. per square foot per revolution,

we have about one pound of steam condensed in twenty revolu-
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tions, one-twentieth in a revolution ; but the time actually occu-

pied is but one-tenth of a second, and the rate is thus one-half

pound per second " working time," and thirty pounds per min-

ute, 1,800 lbs. per hour, nearly a ton an hour, and probably

very nearly the full amount due the conductivity of the iron

where the surfaces are clean. Taking the quantity transferred,

as per low values of the ratio of expansion, as one-third the

above figures, the rate of condensation becomes 600 lbs. an hour
" working time " per square foot of cylinder-wall subject to the

assumed change. The extreme range is probably from about 10

B. T. U. per square foot per revolution in everyday practice,

affecting a depth of one three-hundredth of an inch to about 60

B. T. U., affecting a depth of one-sixtieth of an inch.

Jacket-action on Internal Wastes constitutes the main point

of study, experiment, and observation in the construction of

this portion of the theory of the engine. The influence of the

jacket on external thermal and on dynamic losses of energy is

too small to demand much consideration. It affects internal

thermal waste, often to a most remarkable extent, and it is exceed-

ingly important that a way shall be found of ascertaining its

precise effect, qualitatively and quantitatively. Where the

steam supplied is dry and the engine-cylinder can be kept sur-

charged with heat, as assumed in the Rankine method of treat-

ment of the case, the problem is capable of fairly accurate

solution in the manner already illustrated ; the net result being

the expenditure of five to ten per cent, more heat and steam

than is demanded by the ideal case, and the complete reduction

of cylinder condensation. The internal wastes, in other words,

are reduced from those of the unjacketed cylinder to those of

the engine working steam held constantly in the dry and satu-

rated state. For the best practice, and with large engines, this

means, practically, the reduction of the internal thermal wastes

to the extent of about one-half.

In most cases, howevei", it becomes necessarj' to allow for

some additional expenditure of heat to meet the demand duo an

excess of initial heat-transfer which the most effec]tive of usual

methods of jacketing and operation cannot repress. The follow-

ing table shows the results of experimental measurement of the

quantity of jacket-water and of the economy produced by the

jacket under widely varying conditions.
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STEAM-JACKET ACTION AND ECONOMY.

(U SIMPLE XOX-COXDENSING ENGINES (B. I. M. E. RKPOUT.)

JACKET WATElt.

No. Pl-
Per
cent.

r.
Econ-

omy, %.
Ratio. No.

1

Pi-
Per
cent.

r.
Eccn-

oniy, %.
Rctio.,

2 us 3.2 ^.0 7 to 1 '86.... no 3.4' 6.2 22.0 7 to 1

Vl . 4.5 14.8 2.7 21.4 1.5 Be... no 3.1 5.3 16.7 5.5

.V>... 45 8.5 1. 14.9 7 7 M... no 2.0 4.4 10.7 8.

.V .. 45 14.0 1. 11.1 0.8 Se.... 78 1.7 5.1 14.25 8.

6.... 68 3.3 3.1 10.3 3.1 df... 78 1.7 5.1 11.46 7

7a. . 100 2.3 3.4 9.3 4. 8.7... 78 1.2 3.8 11. :« 9.5

7ft.., 100 2.3 3.3 7.25 3. m... 78 1.3 3.1 9.23 7.

7e.... ICO 2.7 3.4 16.3 C. 8?.... 50 1.5 3.9 7.21 5.

7(i... 50 3.5 3.4 15.0 4.5 8/. .. 50 1.1 2.8 7.32 6.5

7e ... 78 3.2 5.1 9.6 3. Hk... 50 0.7 1.7 4.74 0.6

Zr 78 3.36 5.1 2-.i4 6.6 8/.... 50 0.26 1. 1.19 4.6
32 2.5 7.1 19.7 8.

i

(2) SIMPLE CONDENSING ENGINES.

10... 54 11.75 6.5 27.5 2.4 2Sfl.. 83 3.1 11.3 17.7 6.

11... 38 2:i.35 5.3 31.2 1.3 .i-ie .. 89 1.2 6.8 18.8 15.7
13... 12 1.7 1.7 2.7 1.6 l-m-.. 89 1.5 5.9 12.0 8.

14... 45 17.2 1.8 19.4 1.1 237.. 89 1.5 5.9 14.3 9.5
15... 80 8.8 10. 2.J.7 6 23/*.. 64 2.5 10.7 9.4 3.4
16<l.. 17 7.25 3.4 32.4 4.5 23i.. 64 1.8 5.4 4.0 2.2
16ft.. 16 7.25 3.4 31.3 4.3 2ii .

.

64 1.5 4.4 3.9 2.6
18rt.. 14 2.4 1.75 16.3 6.6 23A;.. 64 1.6 3.6 1.5 1.

laft.. 40 5.5 4. 6.1 1.1 23;.. 50 2.6 1.2 6.6 2.5
18c.. 69 4. 5.5 11.5 2 9 23/?i

.

50 2.3 7.6 4.5 2.

18d.. 65 3.5 4.5 9.5 2.7 2Sn.. 50 1.4 5.8 3.2 2.3
19ri.. 67 3.5 5.7 21.5 6. 2k>.. 50 1.4 4. 0.5 0.35
19.',. 68 4.8 12.4 30.3 6.3 \-»n-- 50 1.2 3.2 0.6 0.5
20... 58 3.4 4.7 15.5 4 7 2.3r/.. 36 1.6 4.6 3.3 2.

22 . 42 4.9 4.3 16.6 3.6 23r.. 30 1.1 2.3 2.9 a.

23l.. 110 2.9 10. 23.0 8. 23s .

.

30 0.6 1.7 0.6 -1. (?)

236.. 110 3.2 6.4 20.0 6.3 23<.. 36 0.2 1. 8. 40. (?)

23c.. 88 3.0 12. 16.7 5.6

(3) COMPOUND CONDENSING EXGINKS.

24... 56 5.2 4.3 23.5 4.5 31 ... 47 9.9 15.8 34.9 3.0
25... 41 8.9 5.5 28.6 3.2 33... 72 7 7 9.6 8.7 1.1
26... 41 17.1 11. 31.2 1.4 :« . .

.

fcO 6.5 7. 15.4 2.4
27. . 45 23.4 10.3 33.6 1.6

The number in column 1 is that assigned by the committee

on steam-jackets of the British Institution of Mechanical Engi-

neers, from whose report these figures are collated. The pres-

sure, />;, is that shown by the steam-gauge. The ratio in the last

column is that of jacket-water to saving of steam or feed-water.

A series of experiments, by Mr. J. G. Mair, on a condensing,

jacketed engine, as reported to the British Institution of Civil

Engineers, gave the following figures :

'^

Proceedings Institute Civil Engineers, Vol. LXXIX., p. 331 ; Cotterill, p. 350.
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EFFICIENCY OF JACKET.

Condensation with jacket 25 0.35
Condensation without jacket (t.48

,
60

Difference 0.23 0.26
Ratio 0.5 0.6
Condensation in jacket 0.05 0.05
Ratio to sain 0.2 0.2

0.45
0.70
0.25
0.7
0.05
0.2

O.CO
0.80
0.20
0.8
0.05
0.25

The steam pressure was 56 lbs. by gau^^e. The jacket is seen

to have saved approximately five times the weight of steam

used in it, or, otherwise, the diversion of 1 lb. of steam into the

jacket effected a gain of 5 lbs. in the expenditure of steam in

the engine. The average figure for the whole collection of data

above corresponds with the deduction of Professor Ewing, who,

in his admirable contribution to the Encyclopedia Brifannica,

says :
" When a jacket is working properly it uses in a single

cylinder engine 4 or 5i, and in a compound engine 10 to 12f^, of

the whole steam supply.* But later practice, though confirm-

ing these deductions in many cases, often gives very difi"ereut

proportions, and cases are reported in which the compound

engine consumes 12 or '[5'/c, and the triple-expansion engine 15

to 20/0. Thus, as long since noted by Professor Cotterill, " a

small quantity of heat supplied by a jacket reduces the action

of the metal in a much greater proportion." t

The following are miscellaneous figures from various sources,

generally illustrating recent and good practice : Compound
engines have usually been found to demand about 10 c of the

steam supply for the jackets where they have worked efi'ectively.

A compound engine at the Memphis Electric Light Works,

Tennessee, tested under direction of the author for report to

him, gave, by a Hirn analysis by Mr. Boelim, 18;o expenditure

in jacket and radiation, probably 16>' expended in the jacket.

It, liowever, only reduced initial condensation in the high-

pressure cylindsr to -lO"/, while raising its gain to a quality of

74^—26^ moisture—at the opening of the exhaust to condenser.

The engine was 22 and 40 inches by 48 inches, with steam at

90 lbs., 75 revolutions, 187 I.H.P., and the expenditure of

steam amounted to 20.9 lbs per H.P. per hour. The valve

* Encyclopedia Britanidca, urticio, " aieaiu-EugJne," section 91.

f Cotterill, p. 849.
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motion was that of Corliss. Another engine with automatic

gear, 14: and 23 inches bv 22 inches, with 90 lbs. steam, 152

revolutions, 63.6 I.H.P., demanded 26.2 lbs. of steam per H.P.

per hour, condensing nearly 60,^^ of the entering steam, deliver-

ing with a quality of 55 at release, while the jackets were

using about IB'^;^ of the steam supply, including loss by radia-

tion. The compound Eeynolds-Corliss engine of the Plymouth

Cordage Co., on trial for acceptance, developed 999 I.H.P.,

and used 21.145 lbs. of steam per H.P. per hour, with a press-

ure of 100 lbs. and 1.4 lbs. of coal. The jackets used 10.24:^ of

the steam supply, and initial condensation amounted to but

21'(. External radiation accounted for a loss of 2.4;^. The
compound engine of the Namquit Mills, by the same builders,

with steam at 10 lbs., on contractor's trial, used 11^^ of the steam

supply in the jackets and consumed 13.26 lbs. per H.P. per

hour. A Worthington compound, on pipe line work, is reported

to have used 15.5'^ to 16v' of the steam in its jackets, and to have

exhibited a condensation of 34,^^, with boiler steam at 90 lbs.

The Calumet ct Hecla engines, "Frontenac" and "Superior,"

are reported by their designer to the writer as having a con-

densation of 7^, in each case, in the jackets, while demanding a

total of, respectively, li.4 and 14.2 lbs. per hour per PI.P.

Steam was carried at 100 lbs., and the engines made 50 and 43

revolutions per minute, respectively. They were both seriously

underloaded. The Lawrence pumping engine condensed 9'^c in

its jackets ; and Mr. Leavitt informed the writer that his engines

have very generally demanded 10^ to 12 » for jacket supply.

A collection of trials of Gaskill & Holly Manufacturing Com-
pany's engines, the reports of which are published by the

builders, give, in tests, by Codman 9.15, by Barrus 13 to 16, by
Benezette 10.32, by Gifford 5.2 (?) and by Cooley, 11.36f.^ of

steam condensed in the jackets. Mr. Beynolds reports to the

writer an average of about 10^^ in compounds of his design.

The range is 10 to 15;^ according to his experience, for effective

jacketing, for all kinds of multiple-cylinder engines. Mr. Emery
reports for the Gallatin about the same figures. Mair finds a

condensation in the jacket of a Woolf compound of Qfo and a gain
by its use of 34,'^ giving a ratio of 3.8 to one for value of steam
in the jacket as compared with that used in the working charge.

Triple-expansion engines ordinarily demand about the same
amount of steam in the jackets as the compounds ; although it
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would probably be expected, in consonance with theory, that

they would use less under similar circumstances. The Mil-

waukee pumping engine trials reported by the writer to the

American Society of Mechanical Engineers gave, where meas-

ured, a consumption of 9.25';^ in the jackets ; the steam-pressure

being 125, the ratio of expansion about 20 and the consumption

of steam about 12 lbs. per horse-j^ower per hour, in the best

trial 11.678 lbs. The speed was 20 revolutions per minute.

The steamer lona used 5.29;o of the steam in the jacket, and

exhibited ^Q'/o cylinder condensation. The steamer Meteor took

lO,"^ in the jackets, and the cylinder condensation was 17^. The
Chicago Allis Pumping Engines, indicating 1031 I.H.P. at 16

revolutions, consumed 12.13 lbs. of steam per horse-power per

hour on jaresumably the same jacket consumption as the Mil-

waukee engine. The Narragansett Electric Lighting Company's

Reynolds-Corliss engine, on contractor's trial, developed 51

G

I.H.P. at 99 revolutions per minute, steam at 125, with 12.94 lbs.

of steam per horse-power per hour ; the jackets using 14.33/^ of

the steam. The radiation loss was 1.5 y.

The Lea Bridge triple-expansion engines, three in number,

belonging to the London water-supply system, are found, by

Mr. Mair, to have a consumption of 13.28 lbs. of steam per

horse-power per hour, and their jackets average a consumption

of 12.28'o of the total steam used by the engines. The trials of

the Massachusetts Institute of Technology experimental engines

reported by Professor Peabody, at 88 revolutions per minute,

demand 14.65 lbs. of steam per horse-power per hour, and use

22;^ of the total in the jackets, the initial condensation being

still 21.5;r. This is, however, a comparatively small engine.

Mr. Reynolds' experience with this class of engine indicates

from 10 to 15;« as the usual figures for jacket-water, varying con-

siderably with relative areas of active surfaces, magnitudes of

clearances, and with temperatures and pressures of steam. He
usually jackets the low-pressure cylinder with steam of lower

pressure than the high-pressure cylinder.

Professor Peabody's trials of tlie " experimental engine," under

his charge, at the Massachusetts Institute of Technology, an

engine of about 150 T.H.P., triple-expansion, witli cylinders 9,

16, and 24 inches in diameter, 30 inches stroke of piston, with

steam at about 150 lbs. pressure, furnish other useful facts. The

steam demanded at various ratios of expansion, and at about 90
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revolutions per minute, ranges from 13.74 lbs. per I.H.P. to

16.25 ; the best work being done when all jackets were in use,

the worst average being made with all jackets off. The jacket

had least value ou the liigh-pressure engine; and it proved to be

unimportant, where one only was used, whether it was upon the

intermediate or the low pressure engine. The total steam used

in the cylinders was, at full power, from 1,600 to 1,800 lbs. per

hour ; the jacket-steam amounting, when all jackets were in use,

and receivers jacketed as well, to 450 lbs., with no steam in re-

ceivers, and at best work reported, about 300 lbs., or nearly 20^

of the total supplied the engines. The best trial reported in this

series gave J 25.37 I.H.P. ou 13.74 lbs. of steam per H. P. pbr

hour, and with a consumption of 1,420 lbs. total, in all cylinders,

and an additional 297 lbs. in the jackets, no receiver-jackets

being in operation. Without jackets, the engine used J 5.87 lbs.

of steam per I.H.P. ; the jackets, comparing similar powers re-

ducing initial condensation to an insignificant quantity, and sav-

ing 11.6'^^, by the diversion of 20^^ of the steam supplied from the

cylinder into the jackets." And this effect is obtained at a speed

of 90 revolutions per minute.

In the case of the best work which the writer had, at its date,

(1891 1 seen reported. Professor Schroter obtained from a triple-

expansion engine of 200 H.P., steam at 156 lbs. pressure, the

remarkable figure of 12.7 lbs. of dry steam entering the engine

per I. H. P. per hour.f This corresponds to a duty of a trifle

over 162,000,000 ft.-lbs. per 100 lbs. coal at an evaporation of 10

to 1. The efficiency of machine was 88,^^ nearly. The jackets con-

densed a large percentage of the steam, proving their effective

working. The total, about 20,"^, was distributed thus : In the

first cylinder-jacket, 2.2:^ ; second and intermediate receiver, 6.4^

;

in third and receiver, 10. 7f^; the drain of heat into cylinders being

greater as their mean working pressures and temperatures fell.

The total jacket-condensation was about double that of the Mil-

waukee Pumping Engine, reported by the writer, when the latter

was doing about lO'^ better work (11.7 lbs. per H.P. per hour),

presumably partly as a consequence of the smaller clearance

surfaces of the latter and more effective system of jacketing.

» Trani. Am. Soc. M. E., May and November, 1892. VoI.-=. XIII. and XIV.;

No«. CC;(CLXXXIV. DII.

\ ZeitH. des Ver. DeuUcher Ingenieure, VOL. XXXIV. Lond., Eng., Dec. 5,

1890, p. 669.
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Mr. Donkin, as the outcome of over two hundred engine -trials,

finds the jacket increases the work done from 10 to 35^.

The only conclusion to be derived from this enormously irreg-

ular and unaccountable variation of results is that the steam-

jacket may be made efficient under all conditions of operation

of the steam engine, even at high speeds either of piston or of

rotation ; but that the most certain returns are to be obtained

with the largest ratios of expansion in a single cylinder, and at

moderate or low speeds of engine. No law can here be detected,

relating economical working of the jacket to steani-pressures,

expansions or speeds. Still less can any means be here found

of anticipating the probable gains by use or the jacket for any

individual case. It is simply evident that where the jacket can

be so applied as to bring out its inherent economical quality,

it will give, with wet or saturated steam, a large gain.*

The general fact seems to be, that with an expenditure, on

the average, of about 5fo in the jacket of simple engines, an

economy of three or four times its amount may be obtained in

the total steam used by the system, under favorable conditions,

and that with exceptionally successful practice, the steam di-

verted into the jacket may produce five to eight times as much
work per unit of weight as if used in the cylinder directly.

The value of the jacket seems to be about the same on the con-

densing as on the non-condensing simple engine ; but, as might

be expected, the jacket-steam has lower efiiciency in the mul-

tiple-expansion engine than on the simple. The more econom-

ical the engine, unjacketed, the less the economical action of the

jacket. The smaller the engine, and the things equal, the more

effective the jacket ; and a small engine may gain by use of the

jacket at speeds far above those at which the larger engine

begins to lose jacket eflficiency.

The best results are to be taken as representative of the

value of effective jacketing ; the others being simply indicative

of the extent to which bad design, construction, or management
may annul its beneficial action. Culling out of the table those

cases in which the gain is reported at about 15^ and upward,

we have the following

:

* Prof. C. B. Richards, reportinjr, as United States Comtnissioner, on the

steam-engines exhibited !it the Paris International Expo.-^ition of 1889, s^ays :

" Sicain-jackets are nlmost universally applied to all cylindois, of eiilier com-

pound or iion-compouiul engines."

—

United Slates ReporU, Vol. III., p. 98.
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a)

BEST RESULTS OP JACKETING.

SIMPLE NON-CONDENSING ENGINES.

Per cent of
No. P' Rev. r Jacket

Expendinire.
Gain. Ratio.

o 115 2M3 0.2 23.0 7tol
86 110 62 6.2 3.4 22.0 7.

8c 110 02 5.3 3.1 16.7 5.5
8d 110 03 4.4 2.0 16.7 8.

7 100 97 3.4 2.7 16.3 6.

V 78 93 5.1 3.3 22.4 6.6
'da 45 47 2.7 14 8 21.4 1.5
36 45 49 1. 8.5 14.9 1.7
8a 33 47 7.1 2.5 19.7 8.

12) SDIPLE CONDENSING ENGINES.

2Va 110 60 10. 2.9 23.0 8.

236 110 60 6.4 3.2 20.0 6.8

23c 88 59 12. 3 16.7 5.6

23rf 89 58 11.3 3 1 17.7 6.

23e 89 50 6.8 1.2 18.8 15. 7(?)

23^ 89 60 5.9 1.5 14.3 9.5

15 80 55 10. 3.8 23.7 6.

19a 67 50 5.7 3.5 21.5 6.

196 68 50 12.4 4.8 30.3 6.3
20 58 53 4.7 8.4 15.5 4.7

14 45 39 18. 19.2 19.4 1.1

22 42 20 4.3 4.9 10 6 3.6

11 38 60 5.3 23.5 31.2 1..S

16a 17 37 3.4 7.25 .37.4 4.5
166 16 37 3.4 7.25 31.3 4.3

18a 14 41 1.75 2.4 16.3 6.6

(3) COMPOUND CONDENSING ENGINES.

33 80 55 7. 6.5 15.4 2.4
24 r,6 235 4.3 5.2 23.5 4.5
31 47 18 15.8 9.9 34.9 3.5
27 45 39 10.8 23.4 83.6 1.6
25 41 36 5.5 8.9 28.6 3.2
26 41 32 11. 17.1 31.2 1.7

Studying the above figures, we find that, with good jacketing, it

should be expected that a pound of steam employed effectively

in the jacket of a simple engine, whatever the working conditions

as to steam pressure, should be worth more there than in the

working cylinder itself ; that the value of the jacket steam, always
great, is highest with the highest pressures, as a rule, increas-

ing, also, throughout the whole range of customary expansion, as
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expansion increases, and as initial pressure increases. The
same general result is observed with the compound engines

;

but tlie gain is smaller in proportion to expenditure ; while both

expenditure and gains are proportionally large. The jacket

steam is worth, even here, three times as much as the working

steam, ten per cent, in the jacket saving nearly thirty per cent,

in the engine. The best results are obtained from the slowest

engines generally ; but most of the best figures are from engines

making fifty to sixty, some at ninety revolutions per minute.

None, however, approach in speed the little engine of Professor

Aldeu, expending 6.7;o of its steam by way of the jacket, and at

290 revolutions per minute, gaining 14;^ by its use ; the very

first on the list has a speed of 203 revolutions. The best work

of the jacket seems to be reported, usually at from six to eight

expansions, upward, although large returns are often given at

but three or four. The data establish sufficiently well, were such

evidence needed, the fact that the heat expended in drying and

heating the cylinder-wall, in anticipation of the entrance of the

working charge of steam, is much less in amount than that wasted

by the condensation of the latter, where such preliminary drying

and heating has not been effected by the jacket steam, and that

the ratio of quantity of jacket steam to steam saved by its use

should always be expected to exceed unity, and, under favor-

able conditions, both quantities should be large in proportion

to total steam used, with corresponding gain of efficiency.

Effective jacketing with engines of moderate and low speed,

and with moderate or large ratios of expansion, a single cylinder

should reduce the initial condensation one-half Avith an ex-

penditure of one-eighth its proportion of total steam used.

The Maximum Efficiency of Jacket would naturally be ex-

pected to be found at such a ratio of expansion as would cause

the jacket-action to be limitod to tlie expansion period, so far as

tlie drying-off of the moisture condensed on the cylinder-wall is

concerned. It is known tliat this action results in the transfer

of heat from jacket and cylinder to the evaporating moisture

with enormous rapidity, and that tlie dry surfaces lose heat very

slowly. If carried into the exhaust jieriod, or even far into the

expansion period, this evaporation means great waste. If re-

stricted to the expansion period, the jacket performs the re-

(piired task with comparatively little loss. The earlier the

cylinder-wall is dried, the greater the economy. The difference



THE THEOKV OF THE STEAM-JACKET; CURRENT PRACTICE. 845

in rate of discharge of heat between the wet and dry metal is

probably not less than a hundred to one. In cases elsewhere

reported by the writer this maxitaum efficiency of jacket was

well exhibited, but the subject has not yet been sufficiently

well investigated to pn-mit very extended generalizations. '^^ In

the cases there presented the following deductions were made :

" In the first case, that of the simple non-condensing Corliss

engine, the heads uujacketed, the use of the jacket reduced the

cylinder-wastes from about twenty-five per cent, of the ideal

consumption of steam and feed water to about half that pro-

portion for ratios of expansion approximating six ; from one-

third down to about one-tenth, at a ratio of five ; and apparently

fi'om twenty down to ten per cent, at r = 4.4. The same general

effect is observed throughout, with some discrepancies which

may be due either to varying action of the jacket, or to errors of

observation, or to both combined, the latter being the probable

fact.

" In this first case, also, the jacket gives the best results with

110 lbs. of steam, when the ratio of expansion approximates

six. When the steam pressure falls to eighty pounds, the best

work of the jacket occurs at a ratio not far from 4.75 ; while, at

the pressure of fifty pounds, the value of the jacket increases

through the whole range of experiment, and not only so, but

the curve assumes a rectilinear form, indicative of probable im-

provement indefinitely in the direction of increasing expansion.

The highest efficiencies, however, either with or without the

jacket, are found, in this case, at the lowest ratios adopted, and
indicate a maximum value at about 3.25.

" Similarly studying the performance of the condensing engine,

we find the best work done, whether jacketed or not, at about a

ratio of expansion of ten, at a steam pressure of 110 lbs., but
that the jacketed engine reduces the internal wastes from fifty

per cent at highest ratios, and from one-fourth at the lowest
ratios, in the case of the unjacketed engine, to five per cent.,

and, in some cases, possibly to within the magnitude of the

errors of observation. At a pressure of ninety pounds the

best ratio seems to be, under the given conditions of operation,

about 6.5 when unjacketed, and 8.5 jacketed ; while the lower

"Maximum Steam-jacket Efficiency ;" Jmrnal of the Franklin Institute,
April, 1891.
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pressures still further reduce both the efficiencies and the sav-

ing effected by the jacket. The best work of the jacket, as an

economizer of heat, is done, at high pressures, at a ratio of

expansion of twelve or more. In all cases, it seems to be the

fact, with these engines at least, that the jacket is useful beyond

the ratios of maximum efficiency of fluid.

" The compound engine was operated at altogether too low a

pressure to bring out the best effect of compoundiug ; but it

exhibited the same general effects noted in the working of

simple engines. The effect of the jacket is less pronounced than

in the simple engine, and the efficiencies of fluid vary less with

variation of the ratios of expansion. It gives its best result at

ratios of expansion, ranging from 7.5 to 10.5 ; the variations of

value being very much more observable in the case in which

both jackets are in use than in either of the others, and least

where only the high-pressure jacket was employed."

Maximum jacket-effect is probably always found at a point

beyond that of usual practice, in the direction of increasing

expansion in a single cylinder, whether in the simple or the

multiple-expansion engine.

With thoroughly dry steam at admission, the jacket may need

to supply, and may actually supply, very little heat while still

acting with efficiency.

Maximum jacket-efficiency, so far as resulting from favorable

character of steam supplied, is evidently to be expected when
the work demanded of the jacket is a minimum ; and this will

be found to occur when the steam is supplied at maximum tem-

perature and most nearly dry. If no water is brought into the

cylinder from the boiler, to be evaporated by waste of heat from

the jacket, the latter has only to do its legitimate work of prep-

aration of the cylinder wall to receive the succeeding charge,

by drying it and heating it up to the temperature of prime

steam. As elsewhere expressed by the writer :
*

" Could a perfectly efficient jacket be made, in the sense of

being capable of instantly and fully supplying any demand, how-

ever sudden or great, for heat needed at the beginning of the

stroke, on the interior of the engine, and could the steam be

suppli(!d perfectly dry initially, tlie vapor would remain per-

fectly dry throughout the stroke ; none would be condensed at

* Manual of the Steam- En(jin c, Vol. I., p. 634.
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the begiuuing, to be re-evaporated later, at the expense of heat

from the jacket ; and the cost would be only that of the com-

paratively small normal heat-waste of a dry gas ; while a saving

would be effected of substantial!}- all the initial condensation

that would otherwise have occurred, and at insignificant ex-

pense.
'' Under such conditions, the more readily the jacket surren-

ders heat, the less the amount it is called upon to yield, and to

waste."

Ledieu says that, to insure efficiency of jacket, it must fulfil

the following conditions :

(1) Such activity must be secured as to insure that all moisture

present on the walls of the cylinder at the end of expansion,

shall be evaporated before the end of the exhaust-period.

(2) It should not be so active as to cause the cylinder to be

completely dry before the end of expansion.*

The writer would, on the contrary, conclude that the jacket is

most efficient when so active as to present a dry hot surface to

entering steam, and thus prevent, in large degree, the precipita-

tion of moisture previous to cut-off, and, also, sufficiently active

to di-y off such moisture as is formed at the earliest possible

instant after expansion begins. No important waste can occur,

later, from dry surfaces.

What must be the result of indefinite increase of temperature

of steam-jacket, by increasing the pressure of its steam or other-

wise, may be judged by reference to the experience of Mr.

Donkin, who, in his paper, describing the trials of the gas-flame

jacket, found that "after the cylinder metal had been raised to a

certain temperature, the extra quantity of heat seemed to have

no beneficial effect whatever."! The waste by the transfer of

heat into the cylinder during the exhaust period evidently, after

passing this limit, more than balanced the gain due to drying and

superheating the steam in t he initial stages of the cycle. The
waste during condensation and exhaust more than compensated

the gain by initial checking of cylindensation and by increase of

work done under the expansion line. The purpose and use of

the jacket being simply and solely the prevention of initial con-

densation in the cylinder by action of the cylinder-walls, by the

* Mrwhines d Feu. g 95. p. .509.

+ Heat Expenditure in Steam-Engines : B, Donkiu, Jr. Proc. Inst. C. E., Vol.

XCVIII., No. 2,043.
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prevention of storage of lieat in the metal at that stage, to be

later withdrawn wastefullj, it is evident that it may happen that

very little heat may answer that purpose, and the jacket may be

called upon to supply correspondingly little, although by its

action nevertheless producing considerable economy. The less

the drain of heat from the jacket into the cylinder, this object

once being effected, the better.

The Method of Transfer of Heat, in detail, between the

metal and the steam Avas first intelligently investigated by Hirn,

and the results published in his Tlietrie ]\fe'anlqve del(( Chalenr,

in 1 876. "^ The example there taken in illustration will still

answer the purpose in our case. He finds the following data as

the result of experimental investigation and measurement

:

INTERNAL HEAT-TRANSFERS.

Jacket.

On.

Heat absorbed bv metal . 380
Heat returned in expan.^ion.

Heat rejected, exliaust

External radiation

From steam-jacket
Work of expansion

0.817
0.0.-)0

O.Oi:!

0.0'22

0.113

Off.

0.459
0.173
0.273
0.013

0!688

The heat absorbed by the cylinder wall during admission is

partly utilized by performance of work during expansion, and

the rest wasted in the exhaust. The jacket, by an expenditure

of 2.2;» of the total steam supplied, decreases initial condensation

waste 7.9,t, or 20;^ of its own original value ; the use of a pound

of steam in the jacket giving a net gain of about three pounds

in the engine. Tlie work of expansion is increased b}^ 2.5;"o of

total supply, and this is 28ro of its value without jacket-action.

The heat supplied by the jacket is a comparatively insignificant

quantity ; but, small as it is, it raises the proportion of lieat

restored and doing more or less of useful work, during the

ex,pansion period, from one-third to above three-fourths of that

absorbed by the cylinder-wall in taking steam ; at tlie same time

decreasing the latter quantity 20'/, and correspondingly reducing

*Vol. 2, Chap. I., p. 39.
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the initial waste. It decreases the initial condensation, and at

the same time adds to the amount of useful work, thus giving a

gain on each side of the account, often of no small value.

Hirn's experimental work furnishes other valuable data, as

may be seen in the accompanying table, abstracted from Ledieu.

The method of loss and its distribution are here well exhibited.

HEAT-WASTES.- HIRN.

Kind of engine Simple
Jacketed?

j
No

Steam • pressure, a t m o s - I

pheres ' 5
I. H. P.
Ratio of expansion
Revolutions per minute.. .

.

Proportion of cylinder-con-
densation

Total condensction at en-
trance

He.ll restored during ex-
pansion

He:il lost daring exhaust by
reevaporalion , 0.29

Heat lost by jackets
j

Heat gained by piston- i

friction -0.013

67..

5

13.5
55

0.33

0.49

0.18

Same
Yes

5
98
9.1

55

0.21

0.34

0.31

0.0.->4

0.038

0.023

Simple
No

4
129.5
3.9

29

0.18

0.25

0.086

0.084

-0.002

Same
No

4.5
141

3.9
29

0.12

0.11

0.018

0.08.-)

0.009

Com p.
Woolf
No

4

106
4.4
23

0.2G

0.053

-0.0G7

0.12

0.005

Same
Yes

4
130
4.4
23

0.20

0.01

o.ors

o.or
0.098

0.072

Com p.

Woolf
Yes

5

26!i

7.5
25

0.19

0.091

0.14

0.016
0.10

0.068

Same
Yes

4.5
090

4.8
75

0.18

0.037

0.011

0.064
0.C61

0.039

One of the most satisfactory determinations of the value of

the steam-jacket on comj)ounded engines is that of Professor

Osborne Reynolds, of Owens College. Manchester, employing

the triple-expansion engines of the Whitworth Laboratory."

The three independent engines combined in the machine

were of the following dimensions : t

CTI.INDKR.

Diam. Stroke.

No. 1 5 inch.

8 "

12 "

9 "

10 inch.
' 2 10 "
'• 3 15 "

4i
"

2 "
Air-ptinip on No. 3
Feed-pump

All were jacketed, sides and heads ; steam was carried at 200

lbs. per square inch, and boiler pressure was maintained in all

the jackets. The results were the following, with and without

the jackets in use :

* Proceed. Brit. Inst. C. E., Dec. 10, 1889.

+ Manual oftlu. Steam Engine, Vol. I., p. 649.

54
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With Jackets, Without.

Coal, per horse-power per hour 1.33 to 1.50 1 02 to 1.81

Water, " " 12.68 " 14.10 15.90 " 17.30

The effect of radiation was determined and found somewhat
considerable. Deducting this waste, the figures stand :

Willi Jackets. Wirhont.

Coal 1.21 to 1.30 1.5410 1.77

Water 11,90 " 12.30 15.10 " 16.C0

This is one of the most satisfactory approximations to the

ideal engine and to minimum wastes that has ever yet been

recorded. In this wonderfully economical little engine, the

loss by shutting off the jackets was from 25 to over 35^^ in

fuel consumption ; or from 25 to 30> in water expenditure.

Of the total heat received, exclusive of radiation, 19.4;^ was

converted into work with jackets in action, and but 15 without

;

a difference of over 23'^ of the first quantity, or 29 of the latter.

The ideal engine, under similar thermodynamic conditions,

would have utilized 231^. The effect of the jacket on the high-

pressure cylinder, where the difference of temperature between

jacket-steam and initial was small, was found to be slight as

affecting cylinder condensation. In No. 2, the effect Avitli a

difference of temperature in this respect of 80"^ Fahr , that con-

densation was reduced from 30 to 5f/, while in No. ;^, with a

difference of 180^ Fahr., such condensation was sensibly zero

and the " saturation expansion curve," assumed by Rankine to

be attainable by this use of the jacket, was perhaps for the

first time produced.

The performance of the engines in this respect is illustrated

by the following tables of data obtained by Professor Rey-

nolds.*

In the first three cases, in the first table, the steam-jackets

were in use ; in the last three, they were disconnected. The

difference in result is due to the greater cylinder-condensation

in the latter case ; the tolal amounts of which are given in the

second table ; in which the proportion thus noted ranges from

about one-fourth to about one-half.

* Minutes of Proceedings of the Inst, of C. E., 1889; No. 2407.

;
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AREAS OF DIAHKAMS PER POUND OF STEAM AND THERMAL
EFFICIENCIES OF ENGINES.

Number of trials

Tlieoretical area. ft. and lbs....

Measured area. ft. and lbs

Percentiige of theoretical area. . .

Theoretical efficiency, p. c

Measured efficiencv, p. c

Percentage of theoretical effi-

cieucv

44 33 56 41 35
238,64.') •233,545 228,420 235,500 233,000
188,096 192,067 192,000 127,545 i;]9,546

79.0 82.0 84.6 54.0 60.0

23.3 23.2 -'2.7 23.3 23.2
18.5 19.2 19.4 14.1 15.3

79.4 82.6 83.1 60.4 65.9

40

65.0
23.3

15.5

6G.4

CONDENSATION WITHOUT JACKETS.

Nnm-
ber of
the

Trial.

Eusfine No. I < i 35

<|
40

41

Eogine No. II -{ 35
40

41
Engine No. Ill ^t 35

40

RevoIntiouB
per

Minute

146
2-^9

322

127
215
320

109
184
276

Ratio of
Expansion.

2.7
2.3
2.0

2.4
2.4
2.3

2.7
3.05
2.6

rROPORTION OF TOTAL
STEAM CONDENSED AT

C'lt-ofl. ^^^^-^_ Release.

0.40
0.29
0.22

0.41
0.38
0.30

0.51

0.48
0.32

0.39
0.27
0.21

0.35
0.31
0.27

0.48
0.47
0.36

0.30
0.23
0.17

0.39
0.26
0.14

0.37
0.33
0.23

The action of the jacket maj be considered a method of secur-

ing the equivalent of reduced conductivity and heat-storing

power in the cylinder-wall. This heat-storage may be com-
puted, where the range of temperature of the surface is known,
by the equation of Fourier for the flow of heat into a solid and
indefinitely extended mass

:

in which, for British measures, and time in minutes, a — 2.45
for iron.

Could the temperature of the inner wall of the cylinder be
held up to 2' by the action of the jacket, as by employing steam
of pressure exceeding that in the engine, A T would become
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zero, and the result would be precisely the same as making the

conductivity of the wall, or its specific heat, or both, zero. It is

also seen that tlie higher the speed the less the quantity of heat

stored and wasted by initial condensation. The depth at which

the changes of temperature are similar in time to those at the

surface, and what may be taken as the limit of sensible penetra-

tion of heat, is similarly given by the expression.

d^a if
jj ;

in which, for depths in inches and for revolutions per minute,

a is approximately 4.5 ; and the i3enetration, in this sense of the

term, is nearly two inches for each thermal unit of heat ab-

stracted from the steam per unit of area and per degree range

of temperature of surface film, at any given speed of rotation.

The depths thus attained are, however, usually slight.

Where the cylinder is jacketed, the heat-flow from the jacket

is measured by the quantity

Q' = at{T,- T,)~d;

where the temperatures are those of the two sides of the cylin-

der-wall and the thickness of the " liner " is d in inches, in the

present case, a being, according to Forbes, about 7.5 for time, f,

in minutes. But the range of temperature is here one-half that

in the preceding expressions ; being the difference between the

maximum external temperature of the cylinder-wall and the

mean internal temperature, and, the symbols being retained and

the full range taken, T^ — T^, the coefficient becomes 3.75.

Where t is tlie time of a half revolution and (^ is the heat trans-

mitted between jacket and cylinder during the period of abstrac-

tion of the quantity Q by the metal, n becomes 1.875 and the

quantity flowing in either direction,

q ^ 1.875
(
T, - r,) -- d N;

where, as before, tlie temperature-range is th;it of the surfaces

of the cylinder- wall.

The following table, computed by Cotterill, following Fourier

and Kirsch, gives approximate measures of these quantities.*

* Cotterill, p. 286.
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ACTION OF CYLINDER-WALL.

N 25 50 100 200 300 400 600

d .89 .63 .45 .32 .26 .22 .18

Q .49 .35 .25 .17 .14 .12 .10

Q /Q .16 .11 .OS .06 .05 .04 .03

The variations of temperature -head and of flow due, in all

engines, to varying expansion ; the different resistances of

various metals and surfaces in different engines, and the varia-

tions of these quantities in the same engine at different times

make all such computations exceedingly uncertain. In the

table the figure for Q is reduced to that for one degree range

of temperature.

Referring to the List equation, we observe that the thinner the

cylinder wall, the larger the flow from the jacket, and, presum-

ably, the higher its efficiency. The slower the engine speed,

also, the higher this rate of heat flow. The wider the mean
range of temperature between extremes, T^ — T^, the more active

the jacket, i.e., the greater the ratio of expansion and the higher

the steam-pressure, the more effective the jacket ; conclusions

already reached by experimental investigation. In the course

of the engine cjcle the steam, at entrance, gives up to the

cylinder the quantity Q — Q and during the period between the

closing of the steam-valve and the next admission of that end of

the cylinder, regains the quantity Q + Q\ The difference,

{Q+ Q')-(Q- ^') = 2g,

is the heat received from the jacket in the complete revolution.

These mathematical deductions are rendered still less positive

by the fact that the alternate condensation and re-evaporation

of films of moisture upon the metal wall, and the action of the

non-conducting films of permanently existing liquid^the one

phenomenon facilitating, the other obstructing, the transmission

of heat between steam and metal—introduce conditions so vari-

able and obscure as to make any conclusions, unless fully con-

firmed by experimental test, entirely uncertain. Experiment
has, however, fully corroborated the general method, thus

indicated, as that of heat-transfer in the engine-cylinder. The
depths of penetration of the heat-wave between steam and metal

and the ratio of quantity of heat thus transmitted to quantity
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received from the jacket, Q / Q, seem, also, to fairly represent

the actual rates of flow, as observed in the best representative

cases.

M. Dwelshauvers-Dery, analyzing the data supplied by test

of the Whitworth Laboratory experimental engine, obtains the

following :*

Let Q = heat supplied by the boiler directly

;

Q, = that supplied by the jacket

;

T — total indicated work
;

E = rejected heat externally
;

C + c = that sent to the condenser.

Then

Q+ Q,^ T+ E +{C+c);
T E^ C + c ^

Referring to the six tests, in three of which the jackets were

all in use, and in three of which they were on the reservoirs

only, and were shut off on the cylinders, the following table is

obtained

:

HEAT DISTRIBUTION.

Number of ti'ial

.

Heat of the direct steam,

Heat of the jacket,

Work,

Radiated waste,

T
Q+ Q>

E
<2 + <2.

Q- E
Heat utilized by jacket, q , q

C+c
Heat rejected,

44 33

0.789

56

0.816

41 35

0.749 0.869 0.893

0.251 0.211 0.184 o.iyif 0.107f

0.153 0.165 0.171 0.125 0.135

0.127 0.091 0.060 0.040 0.053

124 0.120 0.124 0.091t 0.054t

0.720 0.744 0.769 0.835 0.812

40

0.904

0.096f

0.136

0.045

O.Oolf

0.819

* Manual of the Htcam Engine, Vol. I., p. 048.

I
Jackets shut o(T of cylindeis only, prcsumalijy still doing some work, tlirough

slight leakage in cyliiideis.
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Thus. doJuctiup; the quantities of heat wasted b}- external

radiation, the jackets supply an almost perfectly uniform quan-

tity of heat, the figures being 12.4j^, 12f^ and 12.4;^ in the first

three trials : the cause of the greater variation in the last tliree

cases is indetermijiate from the available data.

M. Dwelshauvers-Dery finds a gain of life produced by the

cvlinder jackets, by the net gain due their action in promoting

eflicieucy of working, aside from thermo-dynamic efiiciency.

Studying the famous experiments of M. Hirn at Logelbach, with

and without superheating, he finds that superheating produced a

gain of 25"^ b}- promoting thermo-dynamic efficiency ; raising its

value from 0.324 to 0.433 ; while the saturated steam was made

more efficient as a working substance by jacketing, and to the

extent of IT^r, although the purely thermo-dynamic efficiency was

actually reduced 1.6;;^.

The distribution of heat in the course of flow of the two

streams of energy entering the working cylinder and the jacket

of the engine from the boiler, in the case of the most economical

of modern forms of high-pressure multiple-expansion engine, is

illustrated by Tables A, B, C, in the Appendix ^4, embodying

the results of a thermal analysis of the triple-expansion steam

pumping engine of the city of Milwaukee, reported by the writer

to the American Society of Mechanical Engineers, as giving, in

trials conducted by the Department of Experimental Engineer-

ing of Sibley College, Cornell University, under the supervision

of Professor Carpenter, a duty of 143,000,000 per 100 lbs. of coal,

or 154,000,000 per 1,000 lbs. dry steam, the work performed

being 574 I.H.P., 521 D.H.P., and the steam used 11.678 lbs. per

I.H.P. per hour, and the heat 217.6 B.T.U. per minute, the steam

pressure being 121.6 lbs. above the atmosphere, and the ratio of

expansion 19.55.*

The radiation-losses and the quantity of heat rejected from

each cylinder, assuming equal distribution of jacket-heat among
. them, is as follows. The symbols are those customarily used in

these thermal analyses, and are explained by the context in the

tables.

* " Muximutn Economy of the ('on temporary Higli-pressure Multiple-expansion

Steam-Engiue :" Tram. A. 6. M. E., December, 1893; Vol. XV., No. DLXVI.
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RADIATION LOSSES AND HEAT REJECTED PER 100 REVOLUTIONS.

Total heat admitted to high-pressure cylinder 598,800 B. T. U.

Total heat used in all jackets, assuming 1-3 weight of jacket

steam to be used in each jacket 40,870 "

Total heat used 639,670

Heat rejected from low-pressure cylinder 513,420 "

Total work done 119.65i

Total radiation loss 6,598 "

639,670

Radiation loss from each cylinder assumed to be equal in all

cylinders 2,199

Heat rejected from high-pressure cylinder = heat entering + heat supplied by

jacket — radiation loss — work done

= 598,800 + 13,360 - 2,199 - 36,456

= 573.505 B. T. U.

Heat rejected from intermediate-pressure cylinder = heat rejected from high-

pressure cylinder -f- heat supplied by jacket — radiation loss — work done

= 572,505 H- 13,360 - 2,199 - 35,286

= 549,380 B. T. U.

Heat rejected from Icnv-pressure cylinder = heat rejected from intermediate-pres-

sure cylinder + heat supplied by jacket — radiation loss — work done

= 549,380 + 14.150 - 2,200 - 47,910

= 513,420 B.T.U.
= K + K' (see low-pressure analysis in tables).

The appended tables give the computed distribution of heat

in the working charge of steam, and exhibits the interchange of

heat between that charge and the jacket-steam, the quantities

being computed as a matter of convenience, as is usual, for 100

revolutions. The real distribution of the radiation losses among

the cylinders, and of the heat received via the jacket, is indeter-

minable, and it is assumed that both quantities are equally

divided among the three cylinders. The probabilities are that

the jacket-suj)ply comes in much less proportion from tlio high-

pressure jacket than from either the intermediate or the low-

pressure ; on the latter, the jacket-steam is reduced to a com-

paratively low pressure by means of a reduciiig-valve in the

passage of supply. It is seen, above, that the lieat-supply con-

sists of 59S.8 B.T.U. received from the boiler witli the working

charge, per revolution, and 408 by the jackets ; which is distrib-

uted, 66 B.T.U. as radiation loss, 342 B.T.U. as jacket-waste

{i. c, lost in tlio partial suj)prosHion of tlie greater waste by ini-

tial condensation), and 1,197 B.T.U. converted into work. The
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sum 6,397 B.T.U. receiveil per revolution, divided by the work
per revolution, the equivalent of 1,197 B.T.U., is a measure of

the cost of the work performed, and its reciprocal is the efficiency

of the system. The jacket-heat constitutes, as seen, 9.22fi of the

total fi'om the boiler ; and this reduces the initial condensation

from what would probably have been above 30 ^ to 12, returning

its own value plus above 12*^, or about 20^, through reduction

of initial wastes and addition to the work of expansion ; the net

gain being effected by having the otherwise anticipated cylinder

condensation. In the tables, the losses are marked positive

when heat passes from the working charge to the cylinder-wall,

negative when received into the steam within the cylinder. It

is seen, in the first high-pressure table, for example, that the

charge yields 62,629 B. T. U. to the metal during admission, re-

gains 46,990 during expansion, and entirely wastes 27,862 units

during the period of exhaust, and 1,064 during compression.

The initial condensation is 98.95 - 86.77 -= 12.18,'^, the charge

losing 0.46 c of its heat to the cylinder-wall in admission, regain-

ing 7.86 and 4.65/ during expansion and exhaust. Six per cent,

of the total is utilized in work, O.'Sl^o is lost externally, and this

one cylinder has 0.68^ of the efl&ciency of the ideal machine of

similar temperature-range.*

In the three cylinders, successively, the initial condensation

is seen to be, respectively, ]2.18^, 13.55/^, and 17.80/'^, exhibiting

in unusual degree the correct apportionment of this waste

among the cylinders. The more equal this loss, the more
perfectly does the engine approximate the ideal action of the

multiple-cylinder engine
; f the heat supplied, to be thus

wasted from the one cylinder, being rejected from it in precisely

the quantity needed to meet the demand for waste heat in this

phase of the cycle in the next cylinder. This special feature of

operation of the engine, the eificiency of its jackets, its effective

covering with non-conductors, its tight condenser, and its small

clearances (iAi, 1.5% and 0.11%), are the secrets of its previ-

*The large plate accompanying the paper to which reference is here made, and
whicb exhibits ihe indiciitor diagrams in facsimile, and combined witli the

aijpropriate adialiatic and saturation curves, illustrates graphically, in a very

beautiful manner, the changing va'u-s of these quamities and the varying quality

of the steam paf^sing through the engine.

+ " Pliil"80i)hy of thf^ Multiple-Cylinder Engine:" R. H. Tliurston. Transac-

iiont American Society Mechanical Engineers, Vol. XI., No. CCCLXII., 1890.
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ously unapproached economy. The total efficiency of the engine

is 0.68 that of the corresponding Carnot cycle, and 0.75,^ that

of the ideal Rankine cycle of similar steam and heat limits.

The figures here given may be taken as representative of the

best current practice, and of the extent to which jacket action is

effective under such conditions of maximum efficiency.

Similarly Appendix B presents the results of thermal analysis

of the experimental engine of the Massachusetts Institute of

Technology, which lead to the deductions :

" An investigation of the results in the table shows that the

difference in economy depends on the cut-off of the high-

pressure cylinder, which is at about
I-
stroke for the first two,

and at about i stroke for the last two. The quantities that are

most notably affected by the change of cut-off are the heat

furnished by the high- pressure jacket and the condition of the

steam, and interchanges of heat in the high-pressure cylinder.

Thus the heat supplied by the high-pressure jacket for the

tests, with the cut-off at i stroke, is about half thfit furnished in

the tests at l stroke ; which finds explanation or ccmfirmation

in the facts, that the steam is much dryer at cut-off with the

longer cut-off, and that both the heat absorbed and yielded by
the walls of the cylinder is notably less with that cut-off."

-X- * -X- ->? -:;•
-J5- % ->;•

" It is notable that the steam becomes dryer in its course

througli the engine, under the influence of the thorough steam-

jacketing, with steam at boiler pressure, and that it is practi-

cally dry at release, in both the intermediate and low-pressure

cylinders. In some of the tests it appears to be superheated at

this point, and in one, even at cut-off in the low-pressure cylin-

der. The superheating is in no case large, and as it is accom-

panied by a small positive value for (>„ the exhaust-waste, it

may be that the steam was really dry and saturated at those

points, though superheating by jackets filled with steam at so

high a pressure is not impossible. Since a positive value for

Q,. indicates that tlie walls absorbed heat during exhaust, such

a result, if large, would be absurd ; but in these tests it may
properly be looked upon as the error, being in no case larger

than about 2;« of the valu;', of Q ; if the stoam at release is either

dry or superheated, the value of Q must be very small, or zero.

"It is most remarkable that the heat furnislied by the jackets

is nearly as largo in amount as that changed into work in the
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testa with the cut-off at ^ stroke, and is actually larger for the

tests with the cut-off at 1 stroke. Also, that the heat lost by

radiation is one-third as much as the heat changed into work, if

not more ; the engine, being arranged for convenient experimen-

tal work, probably has a large radiation, though it is thoroughly

wrapped and lagged on all hot surfaces.*

Methods of Investigation should be standard and exact.

A committee of the Institute of Mechanical Engineers has

suggested the following, as instructions for experiments to

determine effectiveness of steam-jackets : t

(1^ The date, place, and duration of each experiment should

be recorded, and the names of the experimenters.

1 2) In the description of the engine it should be stated whether

it is single cylinder, compound, or triple expansion, horizontal

or vertical, condensing or non-condensing, and the diameters and

strokes of the cylinders should be given, and the kind of valves

mentioned.

The following particulars should also be furnished : Manner
in which each cylinder and receiver is jacketed, giving dimen-

sions for enabling the jacketed and unjacketed areas of the in-

ternal surfaces of each to be calculated. Particulars as to how
the steam is supplied to the jackets, and how they are drained,

giving the lengths and dimensions of the supply pipes. Details

of how the outer walls of the jackets are protected.

(3) A sufficient number of measuring tanks, etc., should be

provided to allow the feed-water and the discharges from the

jackets, drain-pipes, etc., to be measured separately.

(4t) Each body-jacket should be provided with a pressure-

gauge, and also with two cocks, one at the highest point and the

other at the lowest, to test for air, steam, or water during the

experiments. Each of the other jackets should also be provided

with an air-cock at its highest point, so that if air is present it

may be allowed to escape from time to time.

(oi A separate indicator should be used for each end of each

cylinder, and the engine should be fitted with a speed-counter.

(6j Before the experiments commence, the valves and pistons

should be tested for leakage by blocking the engines in different

positions and opening the indicator cocks.

(7) The body-jackets should also be tested for leakage at the

* Transactions American Society Mechanical Engineers, 18&1.

f Proceedings Institute Mechanical Engineers, 1892.
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usual steam-pressures, the pistons and cylinder-covers being

removed if possible, or by steam being admitted to the jackets

and the indicator cocks opened before steam is admitted to the

cylinder.

The quantity of steam condensed in the jackets when the

engine is standing should be ascertained by admitting steam to

them at the usual pressures, and measuring the discharge from

each.

(8) Throughout the whole of the experiments the quantities

of feed-water, circulating or injection water, jacket water, drain

water leakage from valves or stuffing-boxes, and water from the

steam separator should be measured. The discharge from each

jacket should be taken separately, and the temperature of the

feed water and of the circulating or injection water should be

noted.

(9) The readings of the speed-counter and the pressure-gauges

should be all noted at regular intervals. Sets of indicator dia-

grams should be taken at regular intervals, each set consisting

of a diagram from each end of each cylinder, taken as far as

practicable simultaneously. The highest and lowest pressure

in each cylinder should be ascertained from the diagrams and

recorded, for allowing the range of temperature in each cylinder

to be calculated. The mean effective pressures and the ratio of

expansion should be calculated from the diagrams and recorded,

and the indicated horse-powers worked out. The percentage of

moisture in the steam should be recorded, if known. The kind

of lubricant used for tho cylinders should be stated, and the

same quantity per hour should, as far as possible, be supplied

during comparative trials with and without stoani in the jackets.

Computations of Probable Efficiency of Jacketed Engines

may be made to give very fairly approximate results, good

rejjresentative practice being assumed.

The following table * represents the results of computations

of probable efficiency and performance, on tlie assum])tion tliat

the initial pressure is 250 lbs. per square inch, absolute, the

internal wastes as found in experimental work already referred

to and measured by tlie expression 1 -f- 0.075 V'S the engine

being a jacketed, tandem-compound engine ; these wastes cor-

respond with those of a single jacketed cylinder of moderate

* Transartions American Society Mechanical Engineers^ CCCCLI., Vol.XII.,

18!)1. Manual, Vol. I., § 155, pp. 041-C4G.

\JL
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size and under usual conditions of operation.* Back-pressures
are taken as 5 lbs. condensing, and 16 non-condensing, feed tem-

* M. Hat'tn de la OoupiUiere coincides witli Smiga^Ha ; wlio says that this

function was first proposed by the author, and subsequently confirmed by direct
experiment at Sandy Hook and elsewhere.—Cowra des Machines, Vol. II.
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peratures as 104^ Fahr. and 203 Falir., respectively, and the

evaporations as approximately I) and 10. The value of the co-effi-

FiG. 248.—Fuel and Water Consumption.

cient, 0.075 \/t, is that customarily taken where it may be

assumed that " compounding " and jacketing have reduced the
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internal wastes to about one-half tlie usual minimum with

unjacketed simple engines of this size and class.

It is obvious that, in the computation of probable efficiency,

and of steam consumption, in the case of the engines efficiently

jacketed in the manner assumed by Rankine, the volume of

steam at the opening of the exhaust-valve measures the amount

used, and requires no correction.

It will be seen that the efficiencies range from 16.7:^ to 18.2;o in

the case of the non-condensing, and from 16.9,'^ to 22^ for the con-

densing engine, the maximum being found at a ratio of expansion,

in the first case, of about 10^;^, and in the second of about SOfr.

Beyond these ratios the terminal pressure falls below the back-

pressure, and a waste follows, instead of gain, by further ex-

pansion.

These results are still better exhibited by the curves (Figs.

5 and 6) plotted from the numerical values ; the ideal case,

in both sets, being represented by dotted lines, and the real

engine giving the widely different curves in full line. The great

difference between the condensing and the non-condensing engine,

for the ideal case, is well shown. The gain by expansion in the

former case continues far beyond that at which the latter finds

a limit ; while the point of maximum effect is far more sharply

defined with the non-condensing engine.

Conclusions.—The views which have been deduced in this

paper relative to the value of the steam-jacket are summarized

in the recently issued pocket-book of Messrs. Seaton and Rouud-

thwaite as concisely and clearly as possible. In this summary,

received by the writer at the moment of concluding the paper,

it is remarked :

'•

" The most recent investigations show that all types of steam-

engines are rendered more efficient by the addition of steam-

jackets, and that the more completely the surfaces of cylinders,

receivers, etc., are jacketed, the greater is the saving effected.

This amounts to saying that, for every pound of steam con-

densed in tlio jackets, some greater quantity is saved in the

cylinders. The ratio of steam saved in the cylinder to steam

expended in the jackets varies from a little under two to one in

some typos of engines, to over five to one in other types. Tlie

gain that may be expected to result from jacketing an engine

* Pnpe 13.
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depends upon such a multitude of considerations, relating? not

only to the design of the engine and of the boiler, but also to

the management of the machinery under steam, that it can only

be very generally stated as lying between five and twenty-five

per cent, of the total feed-water evaporated ; but in the case of

modern marine machinery of good construction it is not proba-

ble that the gain is over ten per cent, of the total feed-wa,ter

evaporated."

From what has preceded it is suflQiciently obvious that when
jackets are used care should be taken to meet the following es-

sential conditions of efficient and economical working : t

(1) The jacket should be provided Avith ample supply-pipes

and with effective traps or other drainage arrangements, and

for removal of air as well as water. If the jacket can be made
to drain back to the boiler, that plan should always be adopted.

t2) They should be kept supplied with steam at a pressure

equal to that in the boiler.

(3) All surfaces exposed to full-pressure steam should be

jacketed, if practicable.

(4:) The jacket itself should be very carefully and thoroughly

lagged, and so made secure against serious external waste of

heat.

(5; Provision for safe expansions and contractions should be

very carefully made.

1 6) It should be seen that the jacket steam has everywhere

complete contact with the inner or working cylinder, and that

all water precipitated therefrom may promptly and completely

drain away.

(7) The walls of the cylinder, or " liner," should be as thin as

practicable, and yet safe ; all core-spaces should be free and

clear ; all core-sand thoroughly removed ; no pockets should

exist in which water may gather, and all fits and joints should

be made with extreme care.

(8) It is probably wise to jacket all the cylinders of a multiple-

cylinder engine if maximum economy is sought.

(9; The jacket, in cases in which steam passes through it on

the way to the working cylinder should be designed and pro-

portioned to act as an effective separator. It may then give

good results by the currents of steam sweeping the cylinder

surface free from films of gathering water.

t Manual : Section 166, p. 668, Vol. I.

55
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A jacket through which the steam entering the cylinder should

pass would have a great advantage in efficiency of heat-transfer

;

but unless the entrained water and condensed steam could be

completely removed, it would cause counterbalancing, and prob-

ably greater, losses, as compared with the usual arrangement, by

carrying that water into the engine to exaggerate wastes.

" In all cases, and under all conditions, the use of a steam-

jacket is ' a violation of the fundamental law of maximum effi-

ciency of heat-engines, which requires that they should receive

all their heat at the maximum and give it out at the minimum
temperature, and not, as in the case of an engine with a steam-

jacket, at temperatures between these, and at times when the

heat imparted lessens efficiency, which it evidently must do at

and near the end of the stroke.' It is a necessary evil, justified

only by the conditions affecting the use and the construction of

the engine. The advantage to be derived thus varies according

to circumstances, and the jacket may not only sometimes be

useless, but wasteful. The necessity for a careful study of the

conditions of use, of care in its application, and of exact deter-

mination of its value, is evident.' *

* Ibidem, % 166, pp. 670-671.
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APPENDIX A.

MILWAUKEE PUMPING ENGINE.
A.

TIIBRM-VL ANALYSIS—DATA AND RESULTS PER 100 REVOLUTIONS. HIGH-PRESS-

URE CYLINDER (JACKET STEAM EXCLUDED) WITH FIRST RECEIVER.

QnaiAitiee.

1. Steam from boiler entering working
j

cylinder, pounds
j

2. Steam at admission, pounds
8. Steam at admission, pounds
4. Ste.ini used by calorimeter, pounds.

.

6. Steam, total, pounds
6. Heat of coudenscd steam
7. Condensed water, pounds
8. Heat given to condensing water
9. Heat snpplied to engine .

10. Sensible neat at admission

11. Internal heat at admission .

12. Sensible heat at cut-off

18. Internal heat at cut-off

14. Sensible heat at release

15. Internal heat at release

16. Sensible heat, beginning of com-
pression

17. Internal heat, beginning of com-
pression

18. Cylinder loss during admission
19. Cylinder loss during expansion
20. Cylinder loss during exhaust
21. Cylinder loss during compression. .

.

22. Heat discharged, and work
2:1. Jacket*
24. Jacket*

Symbols.

M

Mo

31+jVo
K'
G
K

5o'

Qb
Qc
Qd
B
I)

D'

ForrauliE.

ioo(rp-4-c,.Xc).

100(Fc-fFoH-1)o.

Mqg.

G(qk—Qi) (Heat rejected.).

M{xr + q)
J^o?o

m^^\

100 Z^
{M+Mo)^^....

100—^ Pi.

J/o?3

100I^P3
Q + ffo+^ffo'-Hi-Hi'-AWa ....

Hi+IIi'-Hi-Hi'-A]yb
ff^i + Hi'-IIa-Hi'-K-K'-A IT',

H^ + Ha'-Ho-Ho'-AWd
K+K' + AW.
Q-B
Qa+Qb + Qc+Qd

504.5

18.158

5-22.6.'JS

573,505

598,800
5,819

14,270

107,400

356,900

128,700

411,300

4,527

15,700

-f 62,6-29

-46,990
-27,862
-1,064

609,961

-11,161
-11,161

25. Quality of steam entering. .

.

26. Quality of steam at cut-off .

27. Quality of steam at release

29.

Quality of steam at compression.

Quality of steam at admission. .

.

Quality of steam at exhaust

Heat lost, admission
Heat restored, expansion
He.it rejected, exjiaust

Heat lo."*!, compression

Heat utilized, work

Heat lost, radiation
Ratio, radiation to work
Ratio, cylinder rondensation to work.
Thermodynamic efficiency
.\ctnal efficiency
Efficiency compared with ideal

*3

per calorimeter per cent
^c-F,

100 ,,, ,.-,
—

(M+Mo)Vi

100 -;r, - "
3/0^3

per calorimeter.

100

Qd^Q.
w ,

rafliation-!-(). . .

.

R-*-w
a-!-w
(C-Zg)-.- (460-1-0

Aw-^q
E\-^E

per cent.

98.95

86.77

93.3

96.8

10.46
-7.86
-4.65

.18

6.087

367
.0003

1.72
8.96
6.087
08.0

Special symbols Vc = Tolnme clearance, t = measured temperature. Subscript 5 applies to

ezhaoet, i to injection, k to discharge, rj to air-pump discharge. A
Corrext for steam used by calorimeter, when necessary.

778

This quantity is the difference between the heat lost by radiation and that received from the
Jacket. The negative sign shows that more heat is received than lost.
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THERMAL ANALYSTS—DATA AND UESULTa PER 100 REVOLUTIONS—INTERME-
DIATE CYLINDER (jacket STEAM EXCLUDED) WITH SECOND RECEIVER.

Quantities. Symbols. Formula.

1. Steam entering cj'linder, pounds...
2. Steam at admission, pounds
3. Steam used hy calorimeter, pounds.
4. Steam, total, pounds
5. Heat of condensed steam
6. Heat rejected
7. Heat given to condensing water
8. Heat supplied to enL'ine
9. Sensible heat at admission

10. Internal heat at admission

11. Sensible heat at cut-off

ioo(Kc+r„)-

12. Internal heat at cut-off

13. Sensible heat at release

14. Internal heat at release

15. Sen-ible heat, beginning of com-

1

pression
j

16. Internal heat, beginning of com- )

pression f

17. Cylinder loss during admission
18. Cylinder loss during expansion
19. Cylinder loss during exliaust

20. Cylinder loss during compression
21. Heat discharged, and work
22. Jacket*
23. Jacket*

M+Mo
K'
G
K

I

Ih

H,'

Ih

Qa

B
D
D'

Mqg.

0{Qk-Qi)
M(xr + q)

-Vo?o

100 ^%o.

100 -—- pi

.

iooi^±^?p,.

MoQi

^°°—y— '''

Hy + Hi'-Hi-Hi'- AWb
H^+Ht'-Bs-Ha'-K-K'-A IT,

Ha +W-Ho-Ho'-A Wd
K+K' +AW
Q-B
Qa+Qb+Qc+Qd

504.5
22.33

52'J.83

543,380

573,.'J05

5,534

18,780

125,600

381,400

95,400

434,100

4,201

18,420

67,439

-35,755
-41,4(;5

-1,380
584,666
-11.161
-11,161

24. Quality of steam entering .

.

23. Quality of steam at cut off

26. Quality of steam at release ,

27. Quality of steam at compression.

28. Quality of steam at admission. .

.

29. Quality of steam in exhaust

30. Heat lost, admission

31. Heat restored, expansion
32. Heat rejected, exhaust

33. Heat lost, compression ....

34. Heat utilized, work

35.

86.

37.

38.

39.

40.

Heat lost, radiation
Ratio, radiation to work
Ratio, cylinder condensation to work.
Thermodynamic efllcicncy

Actual efticiency

Efficiency compared with ideal

per calorimeter per

100, ,/VA{M+ J/o) Vj

Vc+ la
100

cent.

100

per calorimeter.

,

(K+K' \

Qn+Q
Qh-^Q
Oc-^Q
Qfi+Q
W „

Radiation -

/{-^w ... .

(/-^')-^-(460-^/) per(
AW^Q •

E,-»-E

85.4

93.2

94,0

11.75

-6. S3
-7.23
-0.24

6.155

.384

.0623

1 795
8.99
6.1.56

68.55

Special symbols, Vc — volume clearance, t = measured temperature. Snbecript 5 applies to

exhaust, i to injection, A; to discharge, ff to air-pump discharge. A =jr-o-

Correct for eteam used by calorimeter, when ncceBsary.

* Same explanation as for high pressure cylinder. Radiation assumed equal for all three

cylinders, and heat received from jackets assumed equal in high and intermediate pressure cylinder*.
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THERMAL ANALYSIS—DATA AND RESULTS PER 100 REVOLUTIONS—L0W-PRES8-

VRE CYLINDER (JACKET STEAM EXCLUDED).

Quantities.

1. Steam entering working cylinder, {
pounds

)

2. Steam at admission, pounds
3. Steam n>ed by c.-tlorinieier, pounds..

.

4. Steam, total, pounds
5. Heat of condensed steam

G. Condensed water, pounds
'. Heat given to condensing water
8. Heat supplied to engine
9. Sensible heat at admission

10. Internal heat at admission.

11. Sensible heat at cnt-ofi

V2. Internal heat at cutofE

13. Sensible heat at release

14. Internal heat at release

15. Sensible heat, beginning of com-

1

pression f

16. Internal heat, beginning of com-

)

pression (

17. Cylinder loss during admission
18. Cylinder loss during expansion
19. Cylinder loss during exhanst
ao. Cylinder loss during compression
21. Heat discharged, imd work
22. Jacket*
23. Jacket*

Symbols.

Mo

M+Mo
K'
G
K

Ho'

H,'

Hi

Hi'

Qa

Qc
Qd
B
D
ly

Formula;.

100(rc+Fo)+io.

MQg.

G(.7k-Qi)
M(.xr+g)
'l/o9o ••••

100^^Po.
(3/+;Vo)7i...

100-^ ip,.

{M+Mo)gi....
Vc+ I'o

100-^ -Pi.

MoQi

lOoI^'ps

Q+Ha + H<>'-H^-H,'-AWa....
H^+H^'-Hi-Hi'-AWi,. ...

Ho + Hi'-Hs-Ha'-K-K'-A W,

H^ + Hs'-Ho-Ho'-AWd
K+K' +AW
Q-B
Qj.+ Qb+ Qc+ Q<i

504.5

9.61

514.11
38,920

8,184
474,500

549,380
1,746

8,590

93,450

353,600

68,300

399,800

824.2

3,594

11,307

464

-116,818.2

-6,902.8

561,330
-ll,9.i0

-11,950

24. Quality of steam entering .

.

25. Quality of steam at cut-off.

26. Quality of steam at release.

27. Quality of steam at compression.

28- Quality of steam at admission . .

.

29. Quality of steam in exhaust

30. Heat lost, admission
31. Heat restored, expansion
32. Heat rejected, exhaust
83. Heat lost, compression

34. Heat utilized, work

35. Heat lost, radiation
36. Ratio, radiation to work
37. Ratio, cylinder condensation to work
3S. ThermoAlynamic eftlciency
.%. Actual efficiency
40. Efficiency compared with ideal

per calorimeter per cent.

100 ^^'^^>

a-o

E
E'

100

100

{M+MolVi'
Vc.+ Vt

{M+ Mo) v^
'

per calornneter.
.

.

/ K+ K' \

§«-?
<ib-^Q
Qc-^q
Qd-^q

778 ^
Radiation
n--^w
a-i-w
(/-<3)-5-(460 + <) per cent,

A\y^q
;;E\-^E

81.15

89.95

2.056

.084

-21.22
-1,256

8.7

.40

.046

.236
10.98
8.70
79.18

Special symbols, Vc = volume clearance, = t measured temperature. Subscript 5 applies to

1
exhaust, i to injection, k to discharge, g to air-pump discharge. A =

Correct for steam used by calorimeter, when necessary.

778

Same explanation as for high-pressure cylinder.
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APPENDIX B.

THERMAL ANALYSIS OF TRIPLE-EXPANSION ENGINE.

C. H. PEABODY.

Duration of test, minutes
Total number of revolutions

Revolutions per minute
Steam consumption during test,

pounds

:

Passing tli rough cylinders

Condensation in h. p. jacliet
" first r ece i v er

jacket
Condensation in inter, jacket. . . .

" second receiver

jacket
Condensation iu 1. p. jacket

Total

Condensing water for test, pounds.
Priming, by calorimeter

Temperatures, Falirenlieit :

Condensed steam
Condensing water, cold.

hot
Pressure of the atmosphere, by the

barometer, pounds per sq. inch.

Boiler pressure, pounds per square
inch, absolute

Vacuum in condenser, inches of

mercury

Events of the stroke :

High-pressure cylinder

—

Cut-off, crank end
" head end

Release, both ends
Comprqesion, crank end.. .

.

" head end . ...

Intermediate cylinder

—

Cut-off, both ends
Release, both ends
Compression, crank end.. . . ,

" head end

Low-pressure cylinder

—

Cut-off, crank end
" head end

Release, both ends

60
5299

1193
57

61

85

53

1538

22847
0.018

9o.4
41.9
96.1

14.8

155.3

25.0

0.192
0.215
1.00
0.05
0.05

0.29
1.00
0.03
0.04

0.38
0.39
1.00

60
5-228

87.1

1157
50

61
93

50
76

1489

22186
0.012

92.1
42.1
96.6

14.8

155.5

25.1

0.194
0.205
1.00
0.05
0.05

0.29
1.00
0.03
0.04

0.38
0.39
1.00

60
5173

1234
29

69

97

52
90

1571

30244
0.011

102.4
43.0
106.3

14.7

156.9

24.1

0.245
0.271
1.00
0.04
0.05

0.29
1.00
().0;{

0.04

0.38
0.39
1.00

60
5148
85.8

1305
30

72
105

51

87

1650

20252
0.012

105 3

42.8
109.6

14.7

157.7

23.9

0.283
0.305
1.00
0.04
0.06

0.29
1.00
0.03
0.04

0.38
0.89
1.00
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1. II. III. IV.

Absolute pressures in the cj'linder,

pounds per square inch :

High-pressure cylinder

—

Cut-otF, crank end 145.9
148.3

145.9
143.1

188.8
140.3

138.3
" head end. ... 140.6

Release, crank end 41.3
41.5

41.5
40.5

44.7
45.7

48.4
' head end 49.8

Couiprcssiou, crank end 43.7 45.3 48.5 53.3
head end 48.7 47.9 54.5 63.0

Admission, crank end 64.5
75.3

08.8
74.8

73.3
86.7

81.3
'

' head end 97.8

Intermediate cylinder

—

Cut-off, crank end 37.3
35.0

37.6
35.3

38.6
39.6

40.9
'• head end 43.6

Release, crank end 13.6 14.2 14.7 16.0
" head end 13.4

16.3
13.8
17.3

14.9
18.3

16.0
Compression, ciank end 19.0

" lieadend 17.9 18.8 30.3 33.4
Admission, crank end 30.4 30.8 33.3 33.1

" head end 31.1 33.8 34.3 36.7

Low-pressure cylinder

—

Cut-off, crank end 13.1 13.6 13.4 13.3
" head end 13.0 13.4 13.1 14.0

Release, crank end 5.6
5.4

5.3
5.8

5.1
5.9

5.7
" head end 6.4

Compression and admission

—

crank end 3.7
4.3

3.8
4.5

4.1
4.6

4.3
head end 4.7

Heat equivalent:* of external work,
B. T. U., from areas on indi-

cator diagram to line of abso-
lute vacuum :

High-pre.-=sure cylinder

—

During admission, A Wa—
cr«nk end. 5.71 5.78 7.00 8.19
head end.

.

6.61 6.37 8.43 9.50
During expansion, A TF;,

—

crank end. 10.65 10.76 10.40 10.35
head end. . 10.81 11.04 11.33 11.09

During exhaust, A TTc

—

crank end. 7.73 7.89 8.44 9.03
head end.

.

8.08 8.15 9.04 9.66
During compression, A W,i—

crank end. 0.48 0.60 0.49 0.50
head end.

.

0.63 0.64 0.73 0.81

Intermediate cylinder

—

Daring admission, A Wa—
crank end. 7.58 7.57 7.98 8.64
head <^nd. . 7.43 7.55 8.46 9.10

During expansion, A Wi,—
crank end

.

9.54 9.54 9.91 10.64
head end.

.

9.23 9.31 10.37 11.44
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I. II. III. IV.

Intermediate cylinder

—

During exhaust, A Wc—
crank end. 9.27 9.47 9.64 10.54
head end.

.

9.27 9.47 10.18 10.84
During compression, A Wa—

cranlc end

.

0.39 0.43 0.57 0.46
head end.

.

0.60 0.70 0.78 0.84

Low-pressure cylinder

—

During admission, A Wa—
crank end. 7.75 7.95 8.33 8.97
head end.

.

7.99 8.19 8.66 9.39
During expansion, A Wb—

crank end

.

6.83 7.10 6.86 7.45
head end.

.

6.87 7.12 7.34 7.87
;

During exhaust, A Wc—
crank end. 5.08 5.08 4.62 5.09
head end.

.

5.08 5.16 4.81 5.00
During compression, A Wa—

crank end. 0.00 0.00 0.00 0.00
head end .

.

0.00 0.00 0.00 0.00

Quality of the steam in the cylin-

der. At admis.'^ion and at com-
pression the steam was assumed
to be dry and saturated:

High-pressure cylinder

—

At cut-off Xi 0.785
0.899

0.784
0.903

0.848
0.920

0.875
At release x^ 0.931

Intermediate cylinder

—

At cut-off Xi 0.899 0.912 0.906 0.908

At release .X2 0.994
super-
heated.

super-
heated.

super-
heated.

Low-pressure cylinder

—

At cut-off Xi 0.978
super-
heated.

0.970 0.974

At release Xi super- super- super- super-

heated. heated. heated. heated.

Interchanges of heat between the
steam and the walls of tlie

cylinders, in B. T. U. Quanti-
ties affected by the positive

sign are absorbed by the cylin-

der walls
;

quantities affected

by the negative sign are yielded

by the walls :

High pressure cylinder

—

Brought i n by steam . . .Q 132.93 130.77 141.11 149.84
During admission Qa . . .

.

23.54 23.43 17.49 14.93

During expansion Qp -18.69 -19.28 -15.33 -14.03
During exhaust 6 -8.36 -7.22 -3.50 -2.38
During compression. . . .Qd . .

.

0.45 0.51 0.49 0.52
Supplied by jacket Q,
Lost by radiation Qe

4.56 4.08 2.39 2.50
1.50 1.52 1.54 1.54

Pir.'^t intermediate receiver

—

Supplied by jacket Q}j{ . .

.

4.92 5.20 5 . 67 5.95

Lost by radiation Qc/i • 0.58 0.58 0.59 0.59
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I. II. III. IV.

Intermediate cylinder—
Broutrht in by steam. • • •• • . 131.89 129.61 137.87 146.64
During admission Q a.

.

13.62 11.74 11.33 11.75
During t-xpansiou Q i,. . . -18. Go -18.84 -20.30 -21.88
DuriniT es!:au^~.t Q c- 0.22 1..57 2.88 3.41

During compression. . . -Q d-

Supplied bv jacket Qj
0.44 0.51 0.62 O.-^O

6 82 7.50 7.97 8.04
Lost by radiarion Qe-

.

2.45 2.48 2.50 2.51

Second intermediate receiver

—

Supplied by jacket Qjn 4.20 4.04 4.27 4.22
Lo^t by radiation QeB- 1.20 1.22 1.23 1.24

Low-pressure cylinder

—

Brougbt ill by steam. . .Q' .

.

. 132.14 130.50 138.61 147.33
Duriug admission Q'a . 5.80 3.05 5.57 5.29
During expansion Q'b . . -9.51 -7.09 -8.65 -10.13
During exiiaust Q c.

.

2.53 2.23 -1.44 -0.11
During compression. . . . Q'a . 0.00 0.00 0.00 0.00
Supplied iiy jacket Q'j.

.

7.08 6.20 7.41 7.14
Lost by radiation Q"e-- 4.34 4.40 4.45 4.47

Total loss by radiation :

By preliminary test ^ Qe 10.07 10.20 10.31 10.35
By equation (19) 11.68 10.19 8.75 8.07

Power and economy :

Heat equivalents of works p 3r

stroke :

High-])ressure cylinder. A W 8.44 8.34 9.17 9.52
Litt-rinediate cylinder.. J. W 7.12 6.95 7.77 8.42
Low-pressure cylinder. .A W 9.64 10.06 10.87 11.79

Totals 25.20 25.35

27.02

27.81

27.71

29.73

Total heat furnished by jackets 27.58 28.45

Distribution of work :

High-pressure cylinder 1.00 1.00 1.00 1.00
Intermediate cylinder 84 0.83

1.21
0.85
1.19

0.88
L'>w-pressure cylinder 1.14 1.24

Ho:>e-power 104.9 104.2
14.31

113.1
13.90

120.3
Steam per horse-power per hou r. 14.64 13.73
B. T. U. per horse-power p er

minute . 247 241 236 232

DISCUSSION.

Mr. B. S. Hale.—There is one point which is hardly touched on

in Professor Thurston's paper, and that is the question of omitting

one or more jackets from a compound engine. It is probably

standard practice to jacket the receivers of a compound or triple

if the cylinders are jacketed. But Professor Peabody seems to

have found otherwise in his trials at the Massachusetts Insti-
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tute of Technology. On page 841 Professor Thurston states:

" The best trial reported gave ... no receiver jackets

being in operation." Professor Wity, of Lille, reports in La
Revue generale des Sciences, April 15, 1893, a similar result, as

shown by the following table :

Toutes
lea enveloppes

chauffees.

Enveloppes
I et II seules

chauffees.

Enveloppes
I et R seules

chauffees.

Enveloppe
R

seule chauffee.

Aucune
enveloppe
chauffee.

Pression aux chau-
dieres 6k..32

300.9

547,834

1.75^

2.12^

8,22^

6k.302

Ck.l07

5k.540

0.181

14^
evap.=3.2^

0.688

6k.27

30°.5

552.618

1.75^

3.o6^

6k.l81

6k.097

5k.852

0.103

14^
^vap.=3.5^

0.633

6k. 28

32°.0

543,704

6k.450

6k.286

5k.805

0.188

15«
evap. = l.l,'{

0.580

6k.20

32°. 1

556,618

9.08^

6k. 614

Ck.4ei

()k.013

0.189

18^
cond.— 1.6}i

0.626

6k,25
Temperature du con-

denseur ai'.s

Travai) indique en che-
vaiix 350,276

Purges des enveloppes

Purges des enveloppes

Purges des enveloppes
R

Consomination brute
par cheval-heure in-

6k.547

Consommation nette
apres deduction des
calories des piiiges

reintegr ees iin.x
6k.547

Consommation sur pis-
Ok.547

Admission moyenne
aupttii cylindre. ..

Condensation a I'ad-

0.207

17$S

Phenoniene en detente
Rapport du travail ab-

solu ou travail dis-

cond.=7.0^

0.584

Note.— En marche, le purgeur au receiver ne donne point d'eau.

In jacketing receivers, it seems to have been forgotten that the

use of the jacket is chiefly to prevent initial condensation, which

does not or should not occur in a receiver to any marked degree.

The receiver jacket does give the next cylinder dryer steam, which

is an advantage, but it could be just as easily obtained by a sep-

arating device in the receiver, while every thermal unit transferred

from tlie jacket to the working steam is used at a lower tempera-

ture and hence at ,a lower efficiency than if used from boiler

pressure and temperature.

Mr. Albert F. //a//.— It might be well to state that the Pawtucket

pumping engine, with which Professor Denton made his experi-

ments, cannot, strictly speaking, be run without steam jackets,

since the jacheta of tJie heads of neither high nor low jyressure

cylinders can he thrown out of act/ion.
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J/)'. George I. Roel'wood.—An interesting question is raised by

Professor Thui-ston, in the statement on the first page of the intro-

ductory portion of his paper, as follows :
" It was, however, found

that there existed a substantial unanimity of opinion among those

best qualilied to express their views, wliether from tlie standpoint

of experience, as derived by long periods of occupation in design-

ing and constructing by engineers whose reputation had been built

up by yeai-s of success in construction, or from that of a man of

science, and by the experimental investigation of the action of

the steam-jacket under the various conditions of usual practice."

The question raised is : AVho are the particular men, of all

others best qualified to express their views on the action of steam

in a modern engine ? On the answer to this interesting question

depends the truth or error of the general statement quoted above.

To begin with, we note a difference of opinion acknowledged in

the foot-note of page 791 of the paper, where it is said Cotterill con-

siders that to be the real use which the author considers only a

secondary effect of the jacket. Is not Cotterill also competent to

express his views? Take another instance of broad disagreement

as to the effect of jacketing. It is that between those, on the one

hand, who believe the principal use of tlie jacket that of prevention

of original drops of moisture forming on the walls of the clear-

ance spaces and cylinder just before admission of steam, on the

theorv that the incoming steam will condense in much larg-er

quantities with moisture present than with it absent, and those, on

the other hand, whose experiments with initially dry and initially

wet surfaces do not reveal the occurrence of any more condensa-

tion due to the presence of the moisture than will occur without

it. The late Peter Willans was a supporter of the first view,

and Professor Denton is a supporter of the second.

Notwithstanding this, is not Willans or Denton competent to

express a proper view of jacket action, whether from the stand-

point of experience or of science ? Again, Bryan Donkin found

that jacketing a triple-expansion mill engine of Enghsh construc-

tion gave a large percentage of net gain, even not reckoning the

jacket water as returnable to the boiler ; while Denton found a
gain of almost insignificant value in the use of jackets on a triple-

expansion pumping engine built in this country. Perhaps it can-

not be denied that all these experimenters are competent to have
views on this subject w^orthy of our attention. Indeed, on second

thought, to whom, besides Professor Thurston, can we point in the
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whole civilized world as having views entitled to greater confi-

dence than the transatlantic opinions of Donkin, or the cisatlantic

opinions of Denton ? Yet are they non-concordant. What are

we dimmer flames to do, then? Are we to accept the dogmatic

assertions of the author, to the effect that all ])roper authorities

support substantially the same views, namely, those of James

"Watt ? If so, then Avhy the necessity, at the close of this century

of familiarity with the steam-jacket, of the lengthy arguments

given by the author in the paper ?

I ask forgiveness for devoting this time to this opening remark

of the author, on the ground that, so far as I can judge, it is the

only portion wliich heretofore has not been passed and repassed

through the mangle of public scrutiny, and because the paper

which follows the remark is not especially corroborative of it.

The large array of collated data may be made to support the

conclusions he quotes from the pocket-book of Messrs. Seaton and

Roundtliwaite, or to thoroughly undermine them—according to

the stress laid upon the value of different portions of the data.*

We must face the fact that the instruments, methods, and ideas

of the present date are so far advanced and refined, as contrasted

w.ith those of even ten years ago, that vast aggregations of data

collected previous to that time are not convincing when taken as

the basis of a present dogmatic theory. Before giving one's self to

the luxury of formulating one—^not to speak of a dozen, to suit a

dozen different hypothetical cases—it is best to wait, to go on

testing, to accumulate data in regard to the accuracy of which

there is no ground for disbelief, data which everybody has confi-

dence in. In these days fulminationsof " authorities" will not do

in addr-essing " authorities" ; correct theory, based on indisputable

facts alone, is of value.

in the mciantime we can have our private views, but can we
[)ut them foi'tli as bearing tiie stamp of authority, as views which

all must accept or be anathema maranatlia f

Prof. n. IF. Thurston.—Mi*. Hale brings up an impoi'tant and

interesting matter, which, however, I think we are hardly yet

* Obsorvo (tho first sontcnce of the first, piirnfj^rapli on papc 84'{) the easy con-

viction ex[)r('sseil, that since we have tliin ononnoiisly iriof^ular and unaccount-

ablo variation of results, therefore tiie only conclusion derivable is that the

hteam-jacket may be made elHcient under At,!, conditions of operation of tho

steam-engine. Ought, or ought not, this to be characterizttl as a case of non

sequitur?
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prepared to settle, not having as yet suflRcient data. There is no

question as to the nature or elTect of the action of the receiver-

jacket ; but thei-e remains to be determined by investigation just

how its immediate action alfects the economic performance of the

machine as a whole. General experience seems to have led build-

ere to the use of this jacket, and the presumption would ordinarily

be accepted that they must have thus secured improved efficiencies.

The receiver-jacket is a jacket on a separator ; the purpose of

which separator is simply to remove from the passing current of

steam the water of condensation due to external radiation and

thermodynamic conversion of heat into work. If it is efficient

as a separator, the succeeding cylinder will receive dry steam. In

so far as it is inefficient in this separation, the jacket has a work

to perform in the further drying, possibly even the superheating,

of the wet steam. This action is well shown in the diagrams

from the Sibley College experimental engine, designed under the

direction of the writer, and with jackets on all cylinders and

receivers, as here operated. (Fig. 249.)

In this case, the quality of the steam varies from an average of

about 0.75 in the first, to over 0.90 in the second, and to 1.10 in

the third cylinder ; becoming steadily dryer and finally super-

heated by the action, mainly, of the receiver-jackets; which latter

fact is shown by the progressive falling off of quality in each

cylinder, after entrance, from 0.77 to 0.72 in the first, from 0.92

to 0.88 in the second, and from 1.20 to unit}^ in the third cylinder.

In this particular instance the result was economically exceptional

;

the consumption of steam being the lowest recoi'ded, so far as

known, from an engine of this type, and at such low pressure.*

AVhat would be the result of similar jacketing on other engines

cannot be predicted
; but the interesting and instructive fact is here

well brought out, that a receiver-jacket may produce superheating,

and that this superheating may make the jacketing of the succeed-

ing cylinder superfluous. The same fact, already fairly well

brought out, both in the present and in the preceding introduc-

tory paper, is also illustrated by the behavior of the engines of

the steamships Hudson and Knlchey'hocker of the line between

New York and Xew Orleans, in which the jackets were found to

•Tliese facte are extracted from a paper prepared by the writer for this meet-
ing of tlie Society, but withlield for the time, awaiting additional matter kindly
offered by Professor Carpenter relating to its subject :

" Method of Initial Con-
densation and Heat-Wastes in Steam-Engine Cylinders."
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have no effect when the superheating amounted to 65° Fahr. *

This supersedure of jacketing by superheating is also again illus-

trated in the paper presented at this meeting on " The Compound

Harris-Corliss Engine," in which the use of steam superheated only

15° Fahr. sufficed to reduce cylinder condensation to 12.5 per

cent., and steam consumption to 15.5 pounds per horse-power per

hour, f

Fig. 249.—Steam Jacketing Complete.

The following are the particulars of the performance of the

Sibley College engine, so far as here of importance, as obtained

by the trial giving the mean diagram, which has been discussed

above

:

* "Aatboritieson the SteHra-Jacket :" Trana. A. S. M. E., 1890, Vol. XII., p. 507.

f No. DC; Trana. 1894, Vol. XV.
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Cylinders, 9 + 16 + 24 x 36 inclies. Clearances, 7.6, 8.93, and 9.35,'i.

Piston rods. 2.31 inches diameter. Boiler pressure, 125 (abs.); 110 by gauge.

Vacuum, 10.8 lbs., 22 inches. Barometer, 29.4, 14.42 inches.

Jacket water, 13.72"?. Condensing water, 19 llis. per lb. steam.

Total!. H. P.. 140.2. D.H.P., 123.4.

Mechanical efficiency, 0.88. Steam, 13.3 lbs. per I.H.P. per hour.

B.T.r., per I.H.P. per hour, 14,160. Steam, 15.1 lbs. per D.H.P. per hour.

B.T.U.. per I.H.P. per min., 236. Total ratio of expansion, 13.83.

Pressures (abs.), at cut-off, 131, 43, 13.5 ; at release, 43, 14.5, 2.5.

Jacket water, per cent., 26.4. 7.05, 28.1 in cylinders, and 9.85, 34.6, in receivers,

Worlv per cent., 1, 1.33, and 1.675 in cylinders 1, 2, and 3.

Thermodynamic etBciency of Carnoi cycle. 24.7^ ; actual, 18^; ratio of actual

to Carnot. 0.73.

Water rate of ideal Rankine cycle, 9.6 lbs.; ratio to actual, 0.72.

This fact, as indicated in the bod}" of this paper and also in

the fii'st paper on the same subject, that every condition reduc-

ing the internal wastes correspondingly reduces the necessity of

jacketing and annuls its action, is exhibited in the tables on pages

S14r and 819 of the paper on the multiple-cylinder engine,* in

which the reduction of the initial condensation from twenty to

thirty per cent, with saturated or wet steam, to from eighteen

to twenty-five by a few degrees of superheat, to from thirteen to

eighteen by twenty-four to thirty degrees, and to five and ten by

sixty to eighty degrees, is shown. Thus, even a very moderate

degree of superheating accomplishes as much, usually, as a jacket,

under similar conditions in other respects, and to that extent

supersedes its use. Thus the receiver jacket may prove of real

advantage, and may, to this extent, make the engine jacket—at

least on the low-pressure cylinder—unnecessary ; as may any

device which checks those wastes which it is intended to reduce.

Very moderate superheating may thus make the steam-jacket

superfluous or comparatively inactive.

Mr. Hall's remark may throw some light upon the apparent

singular inefficiency of the jackets of the Pawtucket pumping

engine, which seems to stand almost alone in that respect among
engines of that class. The work of the jacket on the cylinder

body is performed by other processes of reduction of wastes or by

the jacketed heads, leaving little for it to do. Jackets on the heads

are now well known to be vastly more useful and efficient than

on the sides ; where, in fact, they are comparatively at a great

*No. CCCLXII., Transactions of American Society of Mechanical Engineers,

Vol. XI.
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disadvantage in combating a waste which occurs almost entirely

on cylinder heads and pistons.

It will be noticed that, in the case of the Sibley College engine

above referred to, the steam is precisely dry at exhaust when the

engine is doing its best recorded duty—to date. This corresponds

with the maxim of Ledieu, and of Professor Dwelshauvers-Dery,

who sa3^s :
" Maximum efficiency is obtained when the steam is

dry at the beginning of exhaust." * The same investigator cor-

roborates, by his latest work, published since this paper was sub-

mitted, my deduction of a jacket-action of maximum efficiency.

He finds his own experimental engine to justify these conclu-

sions : f
'• Steam-jacketing in this engine gives greater economy at j\

cut-off than at y\- Short cut-offs are not economical without

the use of the jacket. Thus, from ^V ^^ ^^, there is a gain of

4.84 ^i, while ^olth jackets this result is reversed, and there

is a gain of 3.7^ in diminishing the cut-off from ^V to yV-"

The exact point of maximum effect is, of course, variable with

every variation of conditions affecting final economy.

Since this paper was presented I have also received the data and

the results of trial of the jacketed Louisville compound pumping

engine designed by Mr. E. D. Leavitt, which are the following

:

The steam cylinders are 27 and 54 inches in diameter, 10 feet

stroke of piston ; working two differential plunger pumps of

diameters 24yV and 34 inches and of 7 feet stroke. The trial

was of 144 hours lengtli, " as the chief engineer and superintend-

ent do not believe in ^ truncated^ tests.'" The coal was Pittsburg

for three days, Pocahontas the second three da3's ; neither being

rated as of best quality. The dynamic head was 183.6 feet, and

a duty was obtained of 120,828,151 ft.-lbs. per 100 lbs. of fuel,

as figured by the reporters. The mechanical efficiency was 93.4^

;

friction being but C).6fo. The consumption of dry steam amounted

to 12.7 lbs. per horse-power per hour. The steam condensed in

jackets and reheaters amounted to 16.7$^ of the total ; that in the

jackets alone was not determinable. The working pressure was

140 lbs. Reducing this duty to the new unit, 1,000 lbs. dry steam,

it becomes, in round numbers, 152,000,000. For a compound

* Engine Trials at the University of Li^gc ; J^iude Expirimentale Calorimi-

triqne de la Machine A Vapeur, p. 75. IJanual of the Steam Engine : R. H. T.,

Vol. I., ])p. 648. et seq.

} liemie Universdle des Mines, T. XXV., p. 334, 1894. Sibley Journal of

Engineering, June, 1804.



THE THEORY OF THE STEAM-JACKET ; CURRENT PRACTICE. 881

encrine this is a verv remarkable fi2:iire, and it mav well be

imagined that the use of the jacket was in some degree contribu-

tive to its success.

In closing this discussion, I should feel that I ought to apolo-

gize for the space taken up in the treatment of the subject of

steam-jackets in these two papere on " Current Opinion " and on
*• Current Practice," but that the importance of the subject and

of the question involved is fully commensurate with their extent.

It will be noted that the importance of the steam-jacket may be

rated, for some classes of engines, at least, as from ten to twenty

|)er cent, of that of the engine itself, efficiency being the gauge;

and unnumbered volumes already Avritten are insufficient to cover

the latter, while this long-neglected but important detail has

received comparatively little attention in the literature of the

steam engine in either America or Great Britain, although it

finds its proper place and deserved attention in works of Conti-

nental writers. I have endeavored to collate the views of the

acknowledged authorities among designers, builders, users, and

investigators throughout the world, and think that this compila-

tion will be found by those interested fairly full and yet free

from unimportant or irrelevant matter in any large amount.

In some cases, to make each paper complete and symmetrical from

its special point of view, some repetition has been permitted.

This may also be justified, I doubt not, by the Scripture admoni-

tion :
" Line upon line and precept upon precept " ; and it may still

be possible that there may be found those who believe that under

no circumstances can the jacket be profitably employed at speeds

of revolution exceeding fifty ; that it would be reasonable to expect

that jacketing should be as effective at high as at low speed, with

superheated as with wet steam ; or that a saving of three or five

per cent, will never justify the use of the jacket. But I am sure

that no one will claim that the discovery of an inefficient jacket

disproves the value of the jacket, any more than the discovery of

a leaky engine disproves the desirability of making pistons tight.

The two papers, however, will be found, I think, to furnish sub-

stantially all available evidence to date, and every member of the

profession will make his own deductions as to the method of

action of the jacket, the causes and limitations of its beneficial

influence, and the advisabilit}', from a financial point of view, of

adopting it in any specified case or for any given class of engine.

56
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DXCI. *

RESULTS OF MEASUREMENTS OF THE WATER CON-
SUMFTIOJSr OF AN UNJACKETED 1600 HORSE
POWER COMPOUND HARRIS-CORLISS ENGINE.

BY J. E. DENTON, D. S. JACOBUS AND R. H. RICE.

(Members of the Society).

The engine under notice furnishes the motive power for the

Bristol Manufacturing Company's fifty thousand Spindle Cotton

Mill at New Bedford, Mass. It is of the cross-compound type,

and of the following dimensions:—

Diameter high-pressure cylinder 30.025 inches.

Diameter low-pressure cylinder 55.915 inches.

Stroke of both cylinders 72.00 inches.

Average clearance each end liigh-pressure cylinder, per cent, piston

displacement, 2.6 per cent.

Averau^'e clearance each end lovv-pre.~suie cylinder, per cent, piston

displacement 3.6 per cent.

Each cylinder has separate eccentrics for the admission and

exhaust valves, respectively. The cylinders are uujacketed on

both the head and barrels.

The receiver between the cylinders is a cylinder 29 inches

diameter and 13 feet long, having an annular space about its

barrel which was intended to be used as a live-steam jacket.

This jacket is not generally used. In the experiments here

described no live steam was admitted to it, and it was connected

with the interior of the receiver; all drip pipes for draining the

jacket, and the interior of the receiver, being tightly closed.

The feed water was measured by a carefully calibrated meter

placed between the feed pumps and the boilers.

All of the steam generated by the boilers passed through the

engine, except a small portion amounting to 165 lbs. per hour,

which represented the combined leakage from the blow-off cocks

Presented at tlie Montreal nie'-tirg (June, 1804) of ihn Anioiican Society of

Mechanical Engineers, and forming part of Vol. XV. of the Transactions.

\.L
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and water-glass drips ; 03 lbs. per hour, wliicli was the average

amount used by a Barrus calorimeter ; and a portion amounting

to 230 lbs. per hour, which Avas drawn from a dead end in the

live-steam pipe leading to the low-pressure cylinder.

The first cpiantity was determined by collecting and weighing

the leakage diu-ing a certain time. The second quantity was

determined by calibrating the orifice of the calorimeter. The

latter quantity was determined by the calculation given on

page 886.

The detailed data of the test are shown in Tables I. to XIII.

The resiilts show a water consumption of 13.50 lbs. of steam per

hour per indicated horse power with 125 lbs. boiler pressure,

0.30 cut-off in high cylinder, steam 14.6 degrees of superheated

at the throttle-valve, and 65.2 revolutions of the engine per

minute.

The feed water for the engine was drawn from the city supply

at 40 Fahr., and passed through a nest of tubes, aggregating 400

square feet of surface, lodged in a cylinder through which the

exhaust steam was discharged into the condenser. By means of

this exhaust heater the temperature of the feed water was raised

to 131.3^. The feed water then passed through a drip tank,

in which it was mixed with the steam from the dead end

of the steam pipe, whereby its temperature was raised to

142.7 .

In the ordinary operation of the mill the condensed steam

from the slashers, etc., also mixes with the feed water in the

drip tank, whereby a temperature upwards of 160' Fahr. is

given to the feed water. At this temperature of feed water

the boilers, which were of the Bigelow-Manning type, evap-

orate 10_^ lbs. of water per pound of Pocahontas bituminous

coaL

The plant as a whole, therefore, affords the remarkable

economy of 11 lbs. of coal per indicated horse power per hour,

vrith. an unjacketed compound engine expanding steam about

thirteen times.

The writers are indebted to the courtesy of Mr. Chas. C.

Diman, superintendent of the mill, for the opportunity to test

the engine, and for his cordial co-operation in dispensing with

the use of live steam in the mill, during the period of the

measurements, for all purposes except the operation of the

engine.
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CALCULATION OF STEAM CONSUMED PER HOUR, AND PER HOUR PER

HORSE POWER.

The total weight of water registered by the meter in four and

one-half hours was 1529.1 x 64.70 = 98933 lbs., or 21985 lbs.

per hour. From this there is to be deducted the leakage of the

blow-off valves of the boilers, which amounted to 165 lbs. per

hour, the steam which passed through the Barrus calorimeter,

and the steam which flowed from a dead end in one of the steam

pipes in order to prevent water collecting in the same. The

amount of steam returned from the dead end is calculated from

the rise in temperature of the feed water, assuming that the

steam is dry. This will give too low a correction on account of

the amount of moisture that may be present in the steam, but as

the whole correction is a small one the error involved is not of

importance.

The error involved by neglecting any moisture contained in

the steam thus returned to the feed water will be against the

economy of the engine.

The increase of temperature of the feed water due to the re-

turned steam was 142.7 - 131.3 = 11.4' Fahr. The heat units

imparted to the feed water per hour will be 11.4 (21985 — x)

in which x is the amount of steam condensed. Each pound of

steam parts with 1221 - 142.7 = 1078.3 B. T. U., so that we

have 1078.3 x = 11.4 (219S5 - x), from which obtain x = 230 lbs.

per hour.

The amount of steam passing through the Barrus calorimeter

was 102 lbs. per hour. The calorimeter was in operation four

hours and five minutes, so that the total steam passing tlirough

it was 416.5 lbs., or the average rate was 416.5 -f- 4l — 93 lbs.

per hour.

The total amount to be deducted from the water passing

through the meter is, therefore, 165 + 230 + 93 = 488 lbs., and

the net steam consumed by the engine per hour is 21985 — 488

= 21497 lbs.

The steam per hour per horse power is 21497 -^ 1592.2 =
13.50 lbs.

CALIBRATION OF INDICATOR SPRINGS.

Tlie standard of pressure for the s])rings used on the high

pressure cylinder was the Utica Steam Gauge Company's
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weiglit device, wliieh, as was stated in the paper on the Compar-

isou of Indicators presented at the last meeting of this Society,

was found to agree with the mercury column at the Brooklyn

Navy Yard.

The standard of pressure used for the low pressure indicators

was a mercury column, the readings of which were verified by a

distilled-water column in order to make sure that the density of

the mercury, which was the ordinary mercury of commerce, did

not vary from the standard figure.

The readings of the mercury column agreed precisely with

the readings of the distilled-water column, so that the density of

the commercial mercury was the same as for chemically-pure

mercury.

The same mercury was employed in the column used for

measuring the vacuum in the engine test as was employed in the

tests for standardizing tbe springs.

The general method of standardizing the indicators, and
calculation of the equivalent scales of the springs, so as to allow

for all variations in the scales at different heights on the dia-

grams, is the same as was given in detail in the paper on the

Comparison of Indicators already mentioned.

The results of tests of the springs are given in detail in Tables

Vn. and VIII. , and the calculation of the equivalent scales in

Tables IX. to XIH.

TABLE I.

FINAL RESULTS OP TEST.

Horse power 1592 .

2

Steam per hour per horse power, lbs 13 . 50
Average pressure at engine throttle, lb3. per pquare inch above

atmosphere 123.0
Average superheating at engine throttle, degrtJ. Fahr 14.6
Average vacuum, inches of mercury 25.6
Lbs. of steam per hour f High pressure j Near cut-off 11 .81

per horse power
J

cylinder. / Near release 12.02
calculated from in- 1 Low pressure ( Near cut-off 10.77
dir-ator cards. |_ cylinder. / Near release 11 .41

Stf-ani not accounted for at cut-off of high pressure cylinder, per cent.

.

12.5
Revolutions per minute 65 . 21

Pi.ston speed in feet per minute 783
Ratio of expan.sion 13.

4

Ratio of actual mean effective pressure to mean effective pressure for

Marriotte curve and two pounds back pressure 0.79
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AVERAGE INDICATOR DIAGRAMS.

Fig. 250.
A

f

Fig. 250.—Head end of high-pressure cylinder. The steam accounted for by

indicator is calculated for the net volumes AA' and BB'.

Spring D.—Equivalent scale, 60.29. M.E.P., 48.55. Horse-power, 407.6.

Fig. 351. c..^

Fig. 251.—Crank end of lugli-pressiire cylinder. The steam accounted for by

indicator is calculated for the net volumes AA and BB .

Spring C—Equivalent scale, 60.13. M.E.P., 48.64. Horse-power, 397.6.

Fig. 252.

Fig. 252.— Iltad end of low prossuro cylnidtT. The steam accounted for by

indicator is calculatrd for the net volumes AA' and DTi'.

Spring A.—Equivalent scale, 20.61. M.E.P., 13.05. Horse-power. 397.4.
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, Fio. 253,

Fig. 253.—Crauk end of low-pressure cylinder. The steam accounted for by

indicator is calculated for the net volumes AA' and BB'.

Spring B.-Equivaleut scale, 16.74. M.E.P., 13.50. Horse-power, 389.6.

Pressure at Engine Throttle IS8 lbs. above Atmosphere

Combined Diagram of Indicator Cards from

Unjaclieted Compound Harris-Corliss

Engine.

DUmettr of H. p. Cjl.=3 1 (126. Di»int«r of 1 H. P. Cjl.=4

K

nn'nn
" L.P.Crl=5D'9J6. PistonBodsjL. P. Cjl.-6H. SuOKe-72.00

Total Horse Power=i 592.2.

Ratio of Expansion=x7^=i3-4'

Actual Area of Diagrams

Theoretical Area A C BD E F A^^ •^9*

Steam per hour per H. P.=i3.5o lbs.

Clearance of High Pressure Cyl.= 2.6,<.

Clearance of Low Pressure Cyl.=3.6^.

.Steam not accounted for by

indicator at point B = 12.5$?.

E ; 2 lbs, pressure
per square ipclf

Pig. 254.
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TABLE II.

NET AKEAS OF CYLINDERS AND HORSE-POWERS.

Net area
in square
inches.

Stroke x

area x rev-

olutions
-•- 33,000.

Horse-
power.

Higii- pressure cylinder, head end 708.04
689.37

8.3948
8.1735

407 6
Hii,'h-pressure cylinder, crank end 397.6

Average and total 698.70 805.2

Low-pressure cylinder, head end 2,455.54
2,433.89

29.1138
28.8571

337 4
Low-pressure cylinder, crank end 389.6

Average and total 2,444.71 787.0

Katie of volame of low-pressure cylinder to volume of high-pressure cylinder = 3.50.

Total horse-power - 805.2 + 787.0 = 1,592.2.

TABLE III.

DATA TAKEN AT ENGINE.

Time. Revolu-
tion

counter.

Steam Pressure in
Lbs. per Square Inch
ABOVE Atmosphere.

Vacuum
in

inches
of

mercury
hy

mercury
column.

25.4
25.7
25.7
25.7
25.7
25.7
25.7
25.4
25.4
25.3

Temperature of
Steam 3 Ft. from En-
gine, IN Deg. Fahr. Super-

heating

P.M.
In main
steam pipe
3 ft. from
engine.

Receiver.

14.0
13.5
13.3
13.5
13.3
13.4
13.5
13.6
13.7
13.4

Acinal
reading
of ther-

mometer.

Reading of
thennom-
eter for

eatur. steam

111

degrees
Fahr.

1.00
1.30
2.00
2.30
3.00
3.30
4.00
4.30
5.00
5.30

936,536
938,492
940,450
942,406
944,362
946,319
948,277
950,233
952,188
954,143

123.5
123
U'3
122
123
123
123
123.5
123
123.5

303
362
363
3I>3

365
3t)3

3(!1

362
361
362

348
848 V

348
347
348
348
348
348
348
348

15
14

15

16
17
15
13
14
13

14

Per minute )

and V 65.21
average. )

123.0 13.5 25.6 ,162.5 347.9 14.6
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TABLE IV.

DATA TAKEN AT BOILERS.

h Water Levels, in Inches.
•

c

Vu

£

P
2 .

00 t^ <e le <i> M ci ^
£

o H

g E-a o o o o o O o - S 'J.-O"
5J V d •A ^ ^ !? ^ 15 fr, ^ m o^

131

o

125 16.0 10.0 11.8 9.5 11.5

O K

1.00 31.905 147 12.5 7.5 8.3 87.1 31,905
1.*) 3,>.0S4 142 129 124 15.0 12.5 12.5 14.5 8.5 10.5 11.5 7.8 92.8 32,078.5 173 5
•i.OO S2.J43 141 129 125 10.0 11.3 12.5 11.0 8.0 10.5 11.0 8.0 82.3 32,247.6 169.1
3.:i0 3e.-425 141.5 131 124 12.0 11.0 12.0 12.5 12.0 11.5 13.8 9.5 94.3 32,418.1 170.5
3.00 3-2.576 143.5 131.5 125 12.0 7.0 11.5 9.5 11.5 10.8 8.0 7.2 77.5 32.585 2 167.1
3.30 3i.751 13!t.5 1-29.5 12(> 12.5 10.0 9.8 9.0 10.0 13.0 11.5 9.0 84.8 32,753.2 168.0
4.0CI :«.9-,'ti 141.5 131.5 120 11.3 12.0 12.0 12.0 13.2 10.2 11.0 9.8 91.5 32,921.8 168.6
4.30 :M.094 143 i:« 12« 10.011.5 11.2 12.0 12.2 12.0 11.5 9.5 89.0 33,091.3 169.5
5.00 :«.262 143 133 12ti 10.5 10.5 15.0 9.0 12.0 9.0 10.5 8.5 85.0 33,264.0 172.7
5.30 3;J,4:i9

Aver-

1

age i
142.7

134.5

131.3

126

125.3

11.2 6.4 13.2 8.0 11.2 11.0 11.0 7.8 81.8

86.7

33,434.1

Total

170.1

1.529.1

• One inch height in boiler = 0.96 cubic foot registered by meter.
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TABLE VI.

CALCULATION OP STEAM ACCOUNTED FOR BY INDICATOR CARDS.

Cut-off in
Bion-PREssritE
Cylinder IN

Ratio of net volumes of Cylinders filled with Steam
AT the Pressures given below.

High-pressure Cylinder. Low-pressure Cylinder.

Time.

p. M.

Stroke.* Near Point of
Cut-oflfat ia")lbs.

.\bsolnti- Press-
ure.

Near Point of
Release at 40 )bs.

Absolute Press-
ure.

Near Point of
Cut-off at 20 lbs.

Absolute Press-
ure.

Near Point of
Release at lOlbs.
Absolute Press-

ure.

Head
End.

Crank
End.

Head
End.

Crank
End.

Head
End.

Crank
End.

Head
End.

Crank
End.

Head
End.

Crank
End.

1:05 0.307
0.283
9.2%
0.297

304
0.801
0.299
0.308
0.302
0.322

0.306
0.285
0.290
0..301

0.288
0.289
0.294
0.307
0.283
0.312

0.355
0.321
O.iiO
0.345
0.:i5;i

0.349
0.346
0..341

0.334
0.361

0.346

0.356
0.325
0.32S
0.340
0.:mo
0.3.37

0.3:W
0..3.38

0.325
0.349

0.879
0.809
0.882
0.871
0.900
0.862
0.860
0.8,50

0.a34
0.921

0.907
0.854
0.857
0.884
0.8t;6

0.830
0.853
0.84G
0.821
0.860

0.451
0.437
0.424
0.428
0.420
0.4:i5

0.432
0.448
0.445
0.448

0.425
0.412
0.418
0.410
0.423
0.402
0.400
0.402
0.402
0.411

0.899
0.890
0.883
0.879
0.872
0.915
0.892
0.910
0.911
0.9:5

0.908
1:30 0.832
2:00 0.846
2:30
3:00
3:30

0.822
0.892
0.788

4:00 0.805
4:30
5:00

0.788
0.801

5:30 0.80?

1

Average
'

0.302 0.236 0.338 0.867 0.858 0.4.37 0.410 0.897 0.829

0.299 0.342 0.862 0.424 0.863

Ratio of Expansion .*
From point marked C in Figs, land 2.. 11.7

*^
( From the initial pressure point C, Fig. 5 13.4

r Average mean effective pressure in lbs. per square inch 48.59

I

Equivalent M. E. P. of low-pressure cylinder, 1:3.57 x 3.50 47.49
Total M. E. P. reduced to high-pressure cylinder 96.08

p;^-^ ! steam perhoar | (Ratio x density ( Near cut-off^ "-:î ^ -

^^f^^
- '^"^^^ = 11.81

Cylindel.
borse'- r H M ¥^" '"'"'

0.862 x 0^0974' x 13750horse power.
) (

M. E. P.
( ^earrclease^

; gg^^g
=

12.02

•

[
steam not accounted for by indicator

] ^^ ^^^l^^ ; ;;::::: i;:;. i;;; y.;; " ;

;

{fl^

( Average mean effective pressure in lbs. per square inch 13.57

I

Equivalent M. E. P. of high-pressure cylinder, 48.59x3.50 13.88
Total M. E. P. reduced to low-pressure cylinder 27.45

Low. K, ^ ^ . J . , -K- 4 ^ft 0.424 X 0.0507 x 13750 ,„ „-

Pre«*Tire j Steam per hour
/ \

Ratio x density Near cut-off = _^ __- =10.7.

Cylinder,
j

,_P-_ P i M^^^ ""'j
^,,, ,„,,,,,

0-«63 x 0^64 x 13750 , „ ,,

[
Steam not accounted for by indicator

•} ^^^^ ^^^^^g- --,:::--[-:, %%

* Apparent cat-ofl measared at points marked C, Figa. 1 and 2.
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TABLE VII.

TESTS OP SPRINGS IN INDICATORS CSED ON LOW-PRESSURE CYLINDER.

'RING.
Number op

Card.

Heights measured on
TO

Diagrams, in Inches, from Atmospheric Line
Pressures given below.

S] Above Atmosphere. Bel ow Atmosphere.

5 10 15 4 8 18

A
A
A
A
A

1

a
3
4

5

0.245
0.245
0.2,50

0.250
0.250

0.500
0.505
0.495
0.500
0.500

0.750
0.750
0.745
0.750
0.745

0.190
0.190
0.195
0.1'JO

0.195

0.385
0.380
0.380
0.385
0.385

0.570
0.575
0.575
0.575
0.575

Average ... 0.248 0.500 0.748 0.192 0.383 0.574

Scale ... ...20.16 20.00 20.05 20.83 20.89 20.91

B
B
B
B

1

2
3
4
5

0.290
0.310
0.295
0.310
0.310

0.615
0.620
0.625
0.625
0.615

0.935
0.935
0.930
0.945
0.935

0.2:«
0.240
0.235
0.240
0.210

0.475
0.470
0.475
0.475
0.470

0.705
0.705
0.705
0.710

B 0.700

Average. ... 0.303 0.620 0.936 0.238 0.473 0.705

Scale.... ...16.50 16.13 16.03 16.81 16.91 17.02
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TABLE VIII.

TESTS OF SPRIN09 IN INDICATORS USED ON HIGH.PKESSUUE CYLINDER.

Spring.

Number
OF

Card.

Heights in inches measured on Diagrams starting from
Lines 15 lbs. per square inch above the Atmosphere to Lines
for Pressures given below.

Distance
in inches
from atmos-
pheric line
to lines for

25 50 75 100 120
151bs. gauge
pressure.

C
C
C
C
C

1

2
3
4
5

0.165
0.165
0.165
0.170
0.170

0.585
0.585
0.585
0.585
0.590

1.000
1.005
0.995
1.000
0.995

1.405
1.415
1.410
1.405
1.410

i.'745

1.745
1.745

6.265
0.260
0.260
0.2.55

Average 0.167 0.586 0.999 1.409 1.745 0.860

Scale 59.88 59.73 60.06 C0.33 60.17

D
D
D
D
D

1

2
3
4
5

0.160
0.155

155
0.155
0.155

0.575
0.575
0..575

0.565
0.580

0.990
1.000
1.000
0.995
0.990

1.420
1.425
1.405
1.400
1.425

1.770
1.775
1.765
1.760
1.775

0.230
0.220
0.225
0.235
0.220

Average 0. 156 0.574 0.995 1.415 1.769 0.226

Scale 64.10 60 98 60.30 60.07 59.36

E
E
E
E
E

1

1
4
5

0.155
0.160
0.155
0.160
0.155

0.575
0.575
0.575
0..585

0.575

1.005
1.005
1.000
1.015
1.010

1.455
1.460
1 .4.55

1.470
1.475

1.810
1.825
1.815
1.820
1.810

0.230
0.225
0.235
0.225
0.230

Average 0.167 0.577 1.007 1.463 1.816 0.829

Scale 63.69 60.66 59.58 58.10 57.82

METHOD OF DETERMINISG THE HEIGHT THAT THE POINTS AA' AND BB' AKB ABOVE OR BELOW
THE ATMOSPHERIC LINE.

To find height for 105 lbs. absolute pressure. Spring D.

Difference of pressure Ijetween 105 lbs. absolute and 15 lbs. gauge pressure = 105 — 14.7 — 15 =
75.3 Ibe.

Scale at 105 lbs. absolute pressure = 60.1 lbs. per inch.

Height that 105 lb. line is above the 15 lb. line = 7.5.3 + 60.1 = 1.253".

Height that 15 lb. line is above atm. line from Table VIH. = .226".

Height that 105 lb. line is above atm. line. 1.48".
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TABLE IX.

Spring A.—Calculations of Equivalent Scale Corrected for all Variations in the

Hot Scale of the Spring.

AVERAGE CARD, HEAD END OP LOW-PRESSURE CYLINDER.

Division
of

Card.
Area.

Mean
Height.

Corre-
spond'g
Scale.

Area

Scale.

Division
of

Card.
Area.

-0.083
-0.217
-0.232
-0.234
-0.236
-0.236
-0.234
-0.230
-0.225
-0.203

Mean
Height.

-0.190
-0.497
-0.531
-0.536
-0.540
-0.549
-0.536
-0.526
-0.515
-0.465

Corre-
spond'g
Scale.

Area

Scale.

Al
A2
A3
A4
A5
A6
A7
A8
A9
AlO

+ 0.275
+ 0.233
+ 0.198
+ 0.155
+ 0.105
+ 0.047
-0.013
-0.047
-0.085
-0.110

+ 0.629
4-0.533

+ 0.453
+ 0.355
+ 0.240
+ 0.108
-0.030
-0.108
-0.195
-0.252

20.03
20.01
20.04
20.09
20.16
20.16
20.83
20.83
20.83
20.85

+ 5.508
+ 4.662
+ 3.96S
+ 3.114
+ 2.117
+ 0.948
-0.271
-0.979
-1.771
-2.294

Bl
B2
B3
B4
B5
B6
B7
B8
B9
BIO

20.83
20.90
20.91
20.91
20.91
20.91
20.91
20.90
20.90
20.90

-1.723
-4.535
-4.8.51
-4.893
-4.935
-4.935
-4.693
-4.807
-4.703
-4.243

Totals. .

.

+ 0.758 + 15.002 Totals... -2.130 -44.524

Equivalent scale = (15.002 + 44.524) + (0.758 + 2.130) = 20.61.

AVERAGE CARD, CRANK END OF LOW-PRESSURE CYLINDER.

Division Mean
Height.

Corre- Area Division Mean
Height.

-0.272

Corre- Area
Of

Card.
Area. spond'g

Scale.
X

Scale.
of

Card.
Area. spond'g

Scale. Scale.

Al +0.303 + 0.693 20.04 + 6.072 Bl.. .. -0.119 20.86 -2.482
A2 + 0.255 + 0..584 20.02 + 5.105 B2 -0.229 -0.524 20.90 -4.786
A3 + 0.223 + 0.510 20.00 + 4.460 B3 -0.233 -0 533 20.91 -4.872
A4 +0.163 + 0.373 20,08 + 3.273 B4 -0.233 -0.533 20.91 -4.872
A5 + 0.078 + 0.K8 20.16 + 1.572 B5 -0.233 -0.533 20.91 -4.8T2
A6 + 0.013 + 0.080 20.16 + 0.262 B6 -0.231 -0.529 20.90 -4.828
A7 -0.037 -0.085 20.83 -0.771 B7 -0.229 -0..524 20.90 -4.786
A8 -0 069 -0.158 20.83 -1.437 B8 -0.224 -0.513 20.90 -4.682
A9 -0.092 -0.211 20.84 -1.917 B9 -0.220 -0.503 20.90 -4.598
AlO -0.125 -0.386 20.86 -2.608 BlO -0.203

-2.154

-0.465 20.90 -4.243

Totals... + 0.712 + 14.011 Totals... -45.021

Equivalent scale = (14.011 + 45.021) -*- (0.712 + 2 154) = 30.60.

TABLE X.

Spring B.—Calculation of Equivalent Scale Corrected for all Variation in the Hot

Scale of the Spring.

AVERAGE CARD, HEAD END OF LOW-PRESSURE CYLINDER.

Division
of

Card.
Area.

Mean
Height.

Corre-
spond'g
Scale.

16.08
16.12
16.19
16.30
16.49
16.50
16.81
16.81
16.81

16.84

Area

Scale.

+ 5.226
+ 4.546
+ 3.967
-r3.276
+ 2.177
+ 0.793
-0.252
-1.0(19
-1 647
-2.273

Division
of

Card.

Bl
B2
B3
B4
B5
B6
B7
B8
B9
BIO

Totals . .

.

Area.

-.03
- .263
-.285
-.291
-.291
-.290
-.287
-.284
-.280
-.867

Mean
Height.

Corre-
spond 'g
Scale.

Area

Scale.

Al
A2 -.

A3
A4
A5
A6
A7
A8
A9
AlO

+ .325

+ .282

+ .245

+ .201

+ .132

+ .048
-.015
-.060
- .098
-.185

.759

.659

.572

.470

.308

.112

.035

.140

.229

.315

.171

.614

.6f;6

.680

.680

.678

.671

.664

.6.'>4

.600

16.81
16.98
17.00
17.01
17.01

17.01
17.00
17.00
16.99
16.97

-1.227
-4.466
-4.845
-4.950
-4.950
-4.933
-4.879
-4.828
-4 .757

-4.361

Totals .. + .925 + 14.803 -2.601 -44.196

Equivalent scale = (14.803 + 44.196) -f- (.925 + 2.601) = 16.78.
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TABLE X.—Continued.

ATXRAeS CARD, CRANK END OF LOW-PRESSURE CYLINDER.

Division
of

Card.

Al
1

...1 +.345
A2 ...: +.298
A3 ... +.255
A4 ... +.187
A5 ... +.082
A6
A7 -.063
A? ...' -.098
A9 ... -.125
AlO ... -.168

Mean Corre-

Hei.ht.l^§-f^;g

.797

.688

.589

.432

.189

.145

.220

.289

.388

Area
X

Scale.

16.07
16.11
16.16
16.35
16.50 i

16.66 '

16.81 I

16.81
16.83
16.88

+5.544
+4.801
+ 4.121
+ 3.0.57

+ 1.353

-1.059
-1.647
-2.104
-2.836

Totals. + .713 i +11.230

Division
of

Card.

Bl.
B2.
B3.
B4.
B5.
B6.
B7.
B8.
B9.

!
BIO.

Totals... -2

Area.
Mran
Height.

Corre-
spond'g
Scale.

16.85
16.99
17.01
17.01
17.01
17.01
17.01
17.00
16.99
16.98

-.146
-.284
-.298
-.298
-.298
-.298
-.297
-.293
-.284
-.267

-.337
-.656
-.688
-.688
-.688
-.683
-.680
-.677
-.656
-.617

-2.763

A rea

Scale.

-2.460
-4.825
-5.069
-5.069
-5.061)
-5.0fi9
-5.052
-4.981
-4.825
-4.534

-46.953

Equivalent scale := (11.230 + 46.953) * (.713 + 2.763) = 16.74.

TABLE XI.

Spring C.—Calculations of Equivalent Scale Corrected for all Variations in the

Hot Scale of the Spring. Areas measured from line 15 lbs. above the atra.

LARGEST CARD, CRANK END OP HIGH-PKESSURE CYLINDER.

Division
of

Card.
Area.

Mean
Height.

Corre

-

spond'g
Scale.

Area

Scale.

Division
of

Card.
Area.

Mean
Height.

Corre-
spond'g
Scale.

Area

Scale.

Al
A2 ...*....

.

A3
A4
A5
A6
A7
A8
A9
AlO

0.755
0.714
0.670
0.549
0382
0.280
0.205
0.148
0.105
0.075

1.736
1.641
1.540
1.262
0.878
0.644
0.471
0.340
0.241
0.172

60.17
60.22
60.27
60.24
59.97
59.78
59.77
59.82
59.8">

59.88

45.428
42.997
40.381
3:^.072

22.909
16.738
12.2,53

8.853
6.284
4.491

Bl
H2
B3

,
B4

' B5
,

B6
B7
B8
B!»

BIO

+0.178
+0.017
+0.015
+ 0.015
+ 0.014
+ 0.009
+ 0.008
+ 0.002
-0.001
-0.009

0.409
0.039
0.034
0.0.34

0.032
0.021
0.018
0.0(15

0.009
0.021

59.79
59.88
.59.88

59.88
.^9.88

59 88
59.88
59.88
59.88
59.88

+ 10.043
+ 1.01?
+ 0.898
+ 0.898
+ 0.838
+ 0.539
+ 0.479
+ 0.120
- 0.240
- 0.539

Totals i a Sfis 2:33.406 Totals...
1

+0.245 + 14 654

Equivalent scale = (233.406 - 14.654) -^ (3.883 - 0.245) = 60.130.

SMALLEST CARD, CRANK END OF HIOH-PRESSURG CYLINDER.

Division
of

Card.
Area. e^.SS..g.

1

Area

Scale.

Division
of

Card.
Area.

Mean
Height.

Corre-
spond'g
Scale.

Area

Scale.

Al
A2
A3
.\4

AS
A6
A7
A8
A9

0.752
0.710
0.C&5
0.504
0.:i48

0.245
0.180
0.128
0.087

1.729 60.18
1.632 60.22
1.529 60.27
1.1.59 60.17
0.8fJ0 59.90
0.563 59.74
0.414 59.79
0.294 .59.84

0.200 ! 59 87

45.255
42.756
40.080
.30.326

20.845
14.636
10.762
7.660 i

5.209
3.413

Bl
B2
B3
B4
B5
B6
B7
B8
B9
BIO

+0.175
+0.017
+ 0.015
+ 0.015
+ 0.014
+ 0.009
+ 0.005
+0.001
-0.002
-0.003

0.402
0.039
0.034
0.o:i4

0.032
0.021
0.011
0.002
0.005
0.007

59.80
59.88
59.88
59.88*

59.88
.59.88

59 88
.59.88

59.88
59.88

+ 10.465
+ 1.018
+ 0.898
+ 0.fe<>8

+ 0.838
+ 0.539
+ 0.2i)9

+ 0.060
— 120

AlO 0.057 0.131 59.88 - 0.180

Totals...' 3 676
1

220.942 Totals, .

.

+ 0.246 + 14 715
1 1

Eqaivalent scale = '220.942- 14.715) -i- (3.076 - 0.246) - 60.124.

Average equivalent scale = (60.130 + 60.124) -s- 2 = 60.13.
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TABLE XII.

Spring D.—Calculation of Equivalent Scale Corrected for all Variations in the

Hot Scale of the Spring. Areas measured from line 15 lbs. above the atm.

AVERAGE CARD, HEAD END OP HIGH-PRESSURE CYLINDER.

Division
or

Card.
Area.

Mean
Height.

1.631
1.589
1.523
1.227
.864
.582
.393
.273
.182
.110

Corre-
spond'g
Scale.

59.64
59.72
59.85
60.17
60.51
60.97
62.32
63.22
63.91
64.10

Area

Scale.

Division
of

Card.
Area. Mean

Height.

Corre-
spond 'g
Scale.

62.25
64.10
64.10
64.10
64.10
64.10
64.10
64.10
64.10
64.10

Area
X

Scale.

Al
A2
A3
A4
A5

.698

.-680

.652

.525

.370

.249

.168
117
.078

.047

41.629
40.610
39.022
31..589
22.389
15.182
10.470
7.397
4.985
3.013

Bl
B2
B3
B4
B5
B6
B7
B8
B9
BIO

+ .173

+ .006

+ 003
+ .003

+ .002
-.002
-.006
-.012
-.015
-.018

.404

.014

.007

.007

.C05

.005

.014

.028

.034

.042

+ 10.769
+ .385
+ .192
+ .19a
+ .128
- .128
- .385'

- .709
- .962
- 1.154

A6
A7
AS
A9
AlO

Totals... 3.584 216.286 Totals... + .134 + 8 268

Equivalent scale = (216.286 - 8.268) -«- (3.854 - .134)

TABLE XIII.

60.29.

Spring E.— Calculations of Equivalent Scale Corrected for ali Variations in the

Hot Scale of the Spring. Areas measured from line 15 lbs. above the atm.

LARGEST CARD, HEAD END OP HIGH-PRESSURE CYLINDER.

Division
of

Card.
Area.

Mean
Height

Corre-
spond'g
Scale.

Area
X

Scale.

Division
of
Card.

Area.
Mean
Height.

Corre-
spond'g
Scale.

Area

Scale.

Al
A2
A3
A4
A5
A6
Ar
A8
A9
AlO

.738

.703

.672

.567

.398

.27>!
* .202

.151

.098

.071

3.878

1.724
1.642
1.570
1.325
.930
.650
472
!3.53

.227

.166

57.89
57.95
58.01
58.55
59.77
60.47
61.42
62. 2S
63.18
63.67

42.723
40.739
.^^8.983

33.198
23.788
16.811
12.407
9.404
6.192
4.521

Bl
B2
B3
B4
B5
B6
B7
B8
B9
BIO

+ .181

+ .005

+ .004

+ .004

+ .003

-.002
-.004
— .005
-.018

.423

.012

.009

.009

.007

.005

.009

.012

.042

61.78
63.69
63.69
63.69
63.69
63.69
63.69
63.09
63.69
63.69

+ 11.182
+ .318

+ .2.55

+ .2.55

+ .191

- .127
- .255
- .318
- 1.146

Totals... 228.766 Totals.. + .168 + 10.355

Equivalent scale = (228.766-10.355) -i- (3.878-0.168) = 58.87

SMALLEST CARD, HEAD END OF HIGH PRESSURE CYLINDER.

Division
of

Card.
Area.

Mean
Height.

Corre-
spond'g
Scale.

Area

Scale.

Division
of

Card.
Area.

Mean
Height.

.396

.012

.009

.009

.009

.009

.012

.016

.043

Corre-
spond'g
Scale.

Area

Scale.

Al
A2
A3
A4
A.^

Ali

A7
A8
A9
AlO

.710

.681

, .662
.581

.349

.238

.172

.115

.075

.047

3.580

1.663
1.595
1.5.50

1.244
.817
.557
.403

.209

.176

.110

57.94
57.99
.58.03

58.81
60.05
60.81
61.92
62.89
63.54
63.09

41.187
39.491
38.416
31.228
20.9.57

14.473
10.6.50 1

7.232
4.766
2.993

211 .848

Bl
B2
B3
B4
B5
B6
B7
B8
BO
BIO

+ .169

+ .005

+ .004

+ .004

+ .004

-.004
-.005
-.007
-.018

61.97
63.69
63.69
63.69
63.69
63.69
63.69
63.69
63.69
03.69

+ 10.473
+ .318

+ .2.^5

+ .2.)5

+ .255

- .2.55

- .318
- .446
- 1.146

Totals. .

.

Tv; tills... + .162 + 0.391

Kqnivalcnt scale = (211.343-9.391) -+- 3.580-0. 1B2) = 58.91.

Average equivalent scale — (58.67 + 58.91) -i- 2 = 53.80.
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DISCUSSION.

Mr. Loins S. Wright.—On the first page of this paper it is stated

" that the feed-water was measured by a carefully calibrated meter

placed between the feed-pumps and boilers." A case has recently

come to my notice of a meter which was calibrated first from

a carefully measured tank containing about 12,000 gallons, where

the water of said tank was allowed to run through the meter;

again calibrated in service between the pump and boiler by

another and smaller measured tank. Results in the two cases

were widely different ; and later, from another test similar to the

last mentioned, another result was obtained, so that the meter was
found to be entirely unreliable. From this, and from other cases

that I have heard of, I feel that a meter as a means of measuring

water pumped to a boiler is not a reliable and trustworthy way of

recording the amount used.

J/)*. George 1. Eockwood.—I was lately engaged to make a test

of a steam plant owned by a gentleman who thought it quite

uneconomical to follow out my dictation in regard to providing

the necessary scales and barrels. He thought that as his factory

water-meter was adjacent to the boilers he could most quickly dis-

connect the various pipes leading elsewhere than to the boilers,

and use the meter instead of erecting the expensive weighing out-

fit. He observed that he thought it useless to go to this " refine-

ment " of weighing the water when he had a good meter right on
the premises. As he was willing to pay for my time, I felt dis-

posed to let him learn, after putting in my objections, and we
commenced the test, gathering the data, taking diagrams, etc., for

an hour or so, when the man who was reading the meter came to

say that he guessed he didn't know how to read it, or else it was
not metering any Avater. Sure enough, we found that the small

constant stream of water used in the boilers Avas not enouo-h

to make this meter budge, although when there came any sudden
and large demand for water the buckets moved fast enough, and
made quite a clatter.

This circumstance does not prove that all meters are incapable
of correctly measuring the flow of water through them; but,

taken in connection with the paper, what it shows is, that there are
meters and meters, and the lesson is, that we must know who
places the confidence in the particular meter under notice before
judging of its liability to error.

57
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Having heard something of the history of the meter used in

the test of this 1600 H.P. engine, and knowing the men who saw

fit to employ it in so important a place, I feel no hesitation

in accepting the feed-water measurements given as being very near

to the truth. The steam consumption found—13.5 lbs. per I.H.P.

per hour—is, of course, very low ; and the coal consumption

is still more remarkable, even for a full jacketed compound

engine, although this engine had no jackets whatever. In ray

judgment the fine results are due to four circumstances, viz.:

tight valves and pistons ; rather a high steam pressure ; super-

heated steam from the boilers; all in an engine of unusual size.

Whatever our theories may be as to the precise effects of super-

heated steam in reducing cylinder condensation, it is evident that

the condensation in both cylinders, but more especially that in

the first, is much less than is customary, and we cannot but believe

that it was the superheat of the steam, coupled with the larger

size of the engine, which so reduced the cylinder condensation.

I think that the fact that this engine has shown such good

results need not interfere with our general faith in the triple-

expansion engine. I am very sure it does not interfere with my
faith in the two-cylinder compound designed with large super-

heating intermediate receiver and great disparity in sizes of cylin-

ders, simply because I have obtained results 7^ better Avith steam

quite wet instead of superheated, as in this case, and of a pressure

of 140 lbs.

Mr. Chas. E. Emery.—I wish to thank the authors of this

paper, and particularly Professor Jacobus, the author of the

former paper, dlxxviii., for the very excellent information in

relation to the errors of the steam-engine indicator. I did not

have time to examine the paper last named until after the meet-

ing, but it explains the probable reason why, in my early ex-

perience with indicators, I did not have the diliiculties stated in

connection Avith modei-n high-speed indicators. The advance in

mechanical workmansiiip pei-mits lits tiiat wei'e reserved for

gauges a few yeai's ago, and ])rohil)ite(l in every-day work, so

that now pistons which arc free to move ai'c still too tight for th(>

duty tlK!}^ have to perform. T always iiad my indicator pistons ()uiti>

leaky, and drilled extr'a holes above tlu^ same to carry olf leakage;

and the use of springs mechanically faslcncnl at the ends, and then

sol(ler(Hl so that there was no slack motion in the fastenings, gave

good results throughout the whole range of the spring. There is
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a reason in atlditiou to those given in the paper why cahbration

should be made at one-half the maximum pressure. The average

temperature of an indicator piston, cylinder, and spring probably

does not reach tiuit due to the maximum steam pressure.

Kecurring to the paper in question, I wish to commend the

authore for a very valuable account of interesting tests which

serve to increase our stock of knowledge on a very important

subject.

Mr. F. II. Ball.—This paper records the remarkable jierform-

ance of a compound engine, and is therefore a valuable contribu-

tion to the published ti'ansactions of our society,

Whether the facts here presented shall result in advancing the

science of steam-engineering or not, depends on our ability to cor-

rectly diagnose the case and to point out the conditions which

contribute most to this phenomenal showing.

It is to be refj-retted that the o-entlemen to whom we are

indebted for this interesting paper have not seen fit to advance

any theory to account for the unusual economy of this engine.

It is supposed to be the instinct of an engineer to look behind

and beyond every phenomenon for its cause.

Franklin's method when seeking an answer to the query as to

why a fish placed in a bucket of water did not add to the weight,

was first to see if it is true.

In this case we are relieved from this first step of the investiga-

tion by reason of the evident care with which the authors of this

paper have weighed the water and the fish for us, so we can pro-

ceed with the second step of the inquiry.

Ileferring to the record that is before us, it appears that a

horse power is developetl on 1-3^ lbs. of steam })er hour, which is

very close to the best recorded performance of triple expansion

engines in which more than 20 expansions are generally obtained,

therefore the efficiency of this engine cannot be due to the num-

ber of expansions that are realized. Neither can it be due to

small clearance, as the engine does not excel in this respect. The
absence of steam jackets will hardly be claimed to account for the

economy, even by those who do not find any gain in the jacket.

It is true that high piston speed is obtained, but this is due to

the unusual length of the C3iinder, and therefore would warrant the

expectation of greater cylinder condensation rather than less,

because of the longer time in which the steam is in contact with

the cylinder walls. From a study of the diagrams, it does not
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appear that the steam distribution was remarkably perfect ; in fact,

the loss between the diagrams of Fig. 254 is more than is usually

found in engines of this class. It will be noticed, also, that com-

pression in both cylinders is carried to initial pressure, which, in

view of the facts regarding compression that are presented by

Professor Jacobus in his paper on that subject, cannot be con-

sidered as the most economical compression. So far, then, no

good reason appears for the economy of this engine. Eeferring

to the diagrams of Figs. 250 and 251 from the high pressure cylin-

der it will be noticed that expansion is not carried to the line of the

return pressure, but a considerable terminal "drop" occurs, and

this fact is suggested as the probable reason for the efficiency of

this engine. In other words, the high pressure cylinder is devel-

oping power more economically than where expansion is carried

too far in this cylinder.

To corroborate this idea, it will be noticed that in the tests of

compound engines reported to this Society by Mr. Ilockwood, show-

ing high efficiency, the cylinder ratios are large, and a consider-

able terminal drop occurs. He substitutes one cylinder working

under conditions favorable for high efficiency, for two cylinders

in which expansion is carried too far, and thus obtains with the

compound engine practically the same economy as the triple

engine develops. I cannot, however, accept his conclusion as to

the relative efficiency of the two engines, because it has not been

shown that the same judicious selection of cylinders for the triple

engine would not improve its performance and make a new record

for it, and I am of the opinion that it would.

Professor Jacohus.^'—Mr. "Wright has stated that in his

experience he has found the meter to be an unreliable means of

measuring the water used by the engine. Of course there are

meters which do not work properly ; but the fact that a meter some-

times gives erroneous results should not be brought up as an argu-

ment that all meters are unreliable. The way we calibrate a meter

is this: the meter is always placed on the pressure side of the

pump, and it must be put in such a way that it is subjected to no

severe water-hammer. The feed-pump should run smoothly.

The pistons of the meter should hit the heads at the end of each

stroke, and no air should be allowed to collect in the meter. We
calibrate a meter a number of times under actual conditions which

*Autlior's Closure, under the Rules.
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exist (luring a test. Tlie water is drawn out through a nozzle, the

pivssure and rate of flow being preserved exactly the same as

existetl throughout the test.

Then we take an average of the calibrations.

The ligure obtained for the engine economy, or 13| lbs., per

hour per horse power, is certainly a low one, so that if any mis-

take were made in the meter it would appear from this figure that

the meter should have registered more water than the amount

indicated by its readings.

The rate of evaporation determined by the same meter is IO3 lbs.

per pound of coal under actual conditions. If the meter registered

too low it would follow that the 10^ ought to be greater, but as

this rate of evaporation is very high, and all the heat in the

coal, as determined by calorimetric test, was accounted for, except

a small amount for radiation, which fell in line with other experi-

ments, it appears that t^ie meter could not have registered too

small an amount. In other Avords, the result for steam per hour

per horee power is so Ioav that if there is an error in the meter it

pi^bably registered too small an amount of water, whereas an

analysis of the results obtained at the boilers shows that this was
not the case.

Here is another check that Avas made on the meter : there

were eight boilers. One was disconnected, and the water fed to

it was weighed. The rate of evaporation of the single boiler was
])recisely the same as obtained by weighing the water as that

obtained in the eight when the water was measured by the

meter.

Still another reason why we consider this meter correct is this:

we have used it in a number of previous tests, and it has been

used in one test since it was in use at the Bristol Mill, and we
know it records at a constant rate, because it always gives

practically the same rate when standardized under a given set of

conditions.

Another thing that should be noticed is, that the meter was
balanced up every half hour during the test, and the half hour
rates were always uniform, which shows that it could not have
varied in its readings. The way that some people have obtained

erroneous results with meters is to place the meter on the suction

side of the pump, and in this case air often lodges in the meter and
cannot be removed. I know of one case where the meter was
used to measure the water delivered by a pump which drew water
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from a hot-well. The water in the hot-well would sometimes fall

below the level of the suction pipe so that air was drawn directly

into the meter. In this case very abnormal results were

obtained.

A meter should be as carefully handled and as accurately

standardized as a steam engine indicator, and a person who is

capable of using one of these instruments with accuracy should be

capable of doing the same with the other.

Mr. Ball has suggested that the terminal drop at the end of

expansion in the high-pressure cylinder may account for the high

econom}^ of the engine. There are as yet no data to support this

view. An examination of the results of the tests shows, as Mr.

Rockwood has stated, that the high economy is probably due to

the unusual size of the engine, together with the small amount

of cylinder condensation, which was probably diminished below

that usually found in Corliss engines, by the effect of the high

speed combined with the superheated steam furnished by the

boilers. The Willans engine presents a similar case, the high

economy obtained being ascribable only to the low per cent, of

cylinder condensation.

On comparing the results of the test in question with others on

compound engines, it may be seen that the economy is less, by a

small amount, than that obtained with jacketed engines. For

example, in a test made by Mr. Geo. H. Barrus on a Corliss cross-

compound engine located at the plant of the Dwight Manufactur-

ing Co., Chicopee, Mass., 13.2G lbs. of feed-water was consumed

per hour per horse power.* This engine developed 1,018 horse

power. The piston speed was about TOO feet per minute ; boiler

pressure 119.8 lbs. The steam was superheated 44.5^ Fahr. The

high-pressure cylinder was jacketed with high-pressure steam, all

the steam passing through the jacket, and linally entering the

steam chest together with the water of condensation. The low-

pressure cylinder was jacketed in a similar way with the exhaust

steam from the high-pressure cylinder. All the water of conden-

sation of the jackets passed through the cylinders. The ratio of

the cylinders was about 3 to 1.

Another case, not so nearly parallel on account of the higher

boiler pressure and smaller size of the engine, is that of one of

Mr. liockwood's engines, in which the steam consumption was

* The Engineering Record, Nov. .T, and Nov. 12, 1892.
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12.S5 lbs. ])er hour per horse-power, when 194 horse-power was

developed with a boiler pressure of 143 lbs.*

Comparing our test witli that by Mr. Barrus, wc find a differ-

ence in economy of about two per cent, in favor of the jacketed

enofine, and this difference might be greater if the engines were

of the same dimensions.

* Transactions, Vol. xiv., page 465.
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DXCII.*

THE SATURATION CURVE AS A REFERENCE LINE
FOR INDICATOR DIAGRAMS.

BY R. C. CARPENTER, ITHACA, NEW YORK.

(Member of the Society.)

The following paper is intended to describe a graphical system

which the writer has employed for obtaining more complete infor-

mation regarding the heat interchanges which occur in the steam

engine than is to be had by the usual method of reducing the data

of an engine test. During the past year, the students in labora-

tory practice of steam engineering at Sibley College have all

been required to make a graphical thermal analysis, based on

the use of the saturation curve as explained in the following

article. The article is intended simply to give information show-

ing the use of the method, and some examples are given which

show the character of the results which can readily be obtained.

No attempt is made to show by these examples any results

which have a general application, and it is not expected that any

conclusions except such as relate to the method itself will be

drawn from the tests presented. In apology for the elementary

way in which the very simple system is described, I may say

that the article is intended principally for students in technical

schools.

This system cannot be considered as new in its general features,

as I find that it has been used in a somewhat similar way both

by Professor UnAvin and Professor Cottorell, but it has been

helpful in many ways as a rapid and graphical method of

determining the quality and thermal condition of the steam

during expansion, and in some respects the method presents

novel features. It seems to have been used very little, possibly

not at all, by American engineers. Thinking that a method
which we have found useful miglit prove of interest, especially

to technical students, I have ventured to describe it.

The method is, itself, quite simple and can be readily explained

* I'n^Hented at tli« Montreal meeting (June, 1894) of tlm American Society of

Mechanical Engineers, and forming part of Volume XV. of the Transactions.
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by reference to the diagrams in Fig. 255. lu these diagrams

aonnn is the actual diagram obtained from the engine, KB rep-

resents the atmospheric line, hb the clearance line, and K' II'

represents the line of no pressure or vacuum line, ob represents

the volume of clearance, and (^iV represents the volume corre-

sponding to piston displacement. From the end of the compres-

sion curve an hyperbola is produced backward and upward, a^a,

to the line be, which latter corresponds to the boiler pressure

of steam. The volume of steam filling the clearance space cor-

responds with very little error to the distance ab on the same

< OF STROKE /

Fig. 255.

scale as the volume of piston displacement. To use this method,
the weight of steam used per stroke is required. Tliis is to be
found by an ordinary efficiency test of the engine, either by con-

densing the steam, or from a boiler test. From this data we
can compute the weight of steam per stroke used by the engine.

By consulting steam tables the volume corresponding to the

weight for the given pressure can be ascertained. This volume
is then laid ofif to the same scale as the diagram in a horizontal

direction from the point which corresponds to the volume of

steam filling the clearance at boiler pressure. In the diagram
under consideration, this volume corresponds to the distance nc,

which is laid off from the point a for the reason stated. The
values given in the steam table for different pressures, multi-

plied by factors for weight of steam and for the scale used, give
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abscissae of the other points in the saturation curve. In the

test represented by the diagrams in Fig. 255, we have for the

saturation curve the line c<\C2C^Ci. The abscissae of this curve

for any given pressure ordinate shows the total volume that the

same weight of dry and saturated steam would have had, to the

same scale of volume as the piston displacement. If now a hori-

zontal line be drawn extending from the clearance line to the

saturation curve, the ratio borne by the distance from the clear-

ance line to the expansion curve to the whole line is the quality

of the steam.* Thus through the point d^, Fig. 255, draw the hori-

zontal line, />i
c,, then the ratio of 5, di to ft, c, is the quality at

the point di ; in the same manner &2^2 -=- hc-2 is the quality at dc,,

etc. The variation in quality from point to point as obtained in

that manner is shown for different positions in the stroke by the

curve below the diagram, from which it is seen that for the given

case the quality during the early periods of expansion rapidly

diminished, then gradually increased, so that just before the

period of exhaust opening the quality was higher than that at the

beginning. From a study of the conditions the same method could

be applied during the period of compression, the only difficulty

being this, that the quality of steam at any point in the cylinder

during compression is not positively known, and an assumption

must be made which is perhaps no better than to assume that

during compression the curve is hyperbolic. The weight of

steam imprisoned in the clearance spaces is always a very small

percentage of the total, hence any error which is made in assum-

ing hyperbolic compression cannot affect the results seriously,

in fact, it becomes of very little moment.

There is very much in this graphic analysis which brings out

thermal properties in a way better calculated to make an impres-

sion upon the mind than the analytic aud more difficult methods

of Hirn's analysis. We have employed this method in the Sibley

College tests as supplementary to tlie analytical method devised

by Hirn. So far as the quality shown during expansion, the two

methods have always given substantially the same results, the

difference, in fact, depending simply upon the accuracy with which

either tlie computation or the drawing was made. In the test

for Hirn's analysis, tlie total lioat discharged from the engine is

* There is a slight error in this assumption, duo to the volume of the entrained

water. The error is in general less than can bo measured. A table for correc-

tion is given at the end of tlie article.
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always measured or computed so tliat the quality of the exhaust

steam cau be determiued. The same data could be used iu con-

junction with the graphical method described, in Avhich case the

heat interchanges could be very readily and quickly computed,

using the diagrams to obtain the quality at any given point.

Thus, if fi'om an ordinary test the weight of steam at any point

is given and the quality is shown by the graphical method which

has been explained, the total heat is computed from a simple

formula in the following manner :

Thus, let X = the quality as determined from the diagram, p
the internal latent heat, 7 the sensible heat, for the given pres-

sures, the latter being obtained from a steam table. Then the

total heat in one pound of steam will be xp + q, which can be

computed from the data at hand. If r is the total latent heat,

the total heat available after condensation would be xr + q.

While the graphical method will not replace the more tedious

and exact analytical one for all purposes, yet it is believed that

it will give all the practical results which can be obtained from

the analytical method with much less Avork and, in general, in a

manner which is more readily understood by the student in

technical schools. This method, I think, will, on the whole,

prove of some value to practical engineers. This, I believe, has

not been the case with the analytical method of determining the

heat losses.

As another illustration of the method of using saturation

curves, reference is made to Figs. 256 and 257, in which case we
have the same engine working with the same brake load and
practically the same I. H. P. The load was very light ; in the one

case the engine was worked with very little compression, and in

the other (see Fig. 257) with a great deal of compression. The
discussion here is merely to show the method of obtaining the

results by a graphical process, and no reference is made to the

relative economy in the two trials, for the reason that it will

probably form the sul^ject of a paper before the Society by one of

my colleagues in Sibley College. In these figures " A," Fig. 256,

is an exact copy of the diagram, on reduced scale, as obtained
from the indicator. In Fig. 256, diagram " B," the line AB rep-

resents the expansion curve, JCL, the saturation curve beiu"-

drawn to the same scale of volumes. The quality at various points
on the expansion line is denoted by figures and also represented
by the curve, diagram " C," at the top of the figure. In Fig. 257
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is shown, to reduced scale, the diagram, actual and enlarged ; the
saturation curve, corresponding to the weight of steam impris-
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oned in tbe clearance spaces, is drawn on the supposition that

this steam is dry at the beginning of compression. The quality

at different points in the compression curve and at different points

in the expansion line is denoted by figures on the enlarged dia-

gram. The quality is also shown graphically by curves at the

upper and lower portions of the figure. While no discussion

of the results can be made here, it is interesting to note the

improved character of the quality of steam produced by the

late compression. It should not, however, be concluded that

the one case is for this reason much superior in economy to the

other, as I believe that certain compensating disadvantages

were experienced which made the economical results practically

the same in both cases.

The application of this method to a compound, or triple ex-

pansion engine is quite similar to that described for the simple

engine. In general, it will be found very much better to have

the ordinates representing pressures drawn to as large a scale

as possible, since in this case both the expansion curve and the

saturation curs^e become more nearly vertical, and the intersec-

tion of horizontal lines becomes better defined, and is much more
accurate. It has been our custom to treat each diagram from a

compound or triple expansion engine, as already explained for

the simple engine, and to obtain the positions of the saturation

cuiwe before the combined diagram, showing all the cards to the

same scale, was constructed.

In making the combined diagram, we have tried various plans

in order to have a continuous curve of reference to which it

might be referred. To do this it is necessary to arrange the

diagrams with reference to different clearance lines. Even then,

because of the different weights of steam caught in the clearance

spaces, the saturation curve could not be continuous, or, if

adjusted so as to be continuous, it would be of different curva-

ture for the part corresponding to each cylinder. This later

objection will not hold when the hyperbola is used as a refer-

ence line. The result of various experiments in combining dia-

grams has been to satisfy me that the method of drawing the

diagrams to the same pressure and volume scale is on the

whole as good as any that has been devised. This method,
however, gives us a broken reference curve, as will be seen by
referring to Fig. 258, which shows the combined diagrams from
the Sibley College experimental engine. On the whole, it seems
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to be tlie only method of representing the combined diagrams

which is general in its nature. It is true that very much

smoother reference curves can be obtained for the combined

diagram, which, for some cases, may more fairly represent the

condition of the engine, by arranging the diagrams in such a

manner that a continuous reference curve, either hyperbolic or

m

Fig. 258.

in the form of the saturation line, is obtained. But it is

believed tliat, on the whole, no injustice is done by the distor-

tions which sometimes occur in the application of the method

of applying uniform scale of pressure and volume.

In Fig. '258 are shown the cond)ined diagrams from the high,
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intermediate, ami low pressure cylinders of the triple expansion

engine at Sibley College. The saturation curve drawn as

already explained for each diagram separately is given, and the

corresponding quality is marked on the expansion curves for

various points in each cylinder. The curves of quality are

shown for the high and intermediate cylinders to the right of

the diagram. The engine, in this case, was steam jacketed with

high pressure steam on all the cylinders and in both receivers.

The efiect of the jacket steam on the quality is very marked, as

is shown by reference to the expansion curve of the low pressure

cylinder. It will be noted in this case that the figures indi-

cate in some stages a quality exceeding one hundred. The
numbers on the low-pressure diagram should be considered as

representing the ratio of volume to that in the same weight of

dry and saturated steam, and not as representing the per cent.

of dry steam or of degrees of superheat. This can be taken

merely as representing a superheated condition without a

specific statement of the degree of superheat. It is not certain

that the degree of superheat can be determined by increase of

volume, since superheated steam does not follow the law of a

perfect gas until it is superheated to a great amount. If super-

heated steam expanded according to the same law as perfect

gases, pv ^ T would be a constant, and for given values of p
and v, T could be computed. See Note 11.

The peculiar form of the quality curves shown in the figures

as pertaining to the high and intermediate cylinders seems very

generally true for the usual conditions of the steam engine. In

a great many trials that we have considered, the curves have the

form shown in each case.

The point of contraflexure in these curves usually occurs

some little distance after the cut-off, and indicates the position

in the cylinder where the quality has become constant, and
condensation has ceased and re-evaporation has begun. The
peculiar curvature occurring after re-evaporation begins is no

doubt largely due to the rapid motion of the piston when near

the centre of the stroke and to its very slow motion near

the end.

These few remarks serve to show in a general way the charac-

ter of the analysis and the results which may be obtained by
using a saturated curve as explained. I think it will be con-

ceded that, as a method, it is certainly worth careful considera-
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tion. The information regarding the interchanges of heat can-

not be obtained so readily by any other method that is known
to the wriber, while I believe it will be found to compare well

with any for completeness and accuracy of information.

Applications of the methods which have been here described

have already been presented to the Society in the discussion of

the tests of the Milwaukee engine by Dr. Thurston, read at the

fall meeting, and, also, a paper at the present meeting on the

subject Oi " The Steam Jacket," also by Dr. Thurston.

In presenting the drawings for this paper the writer is under

obligation to Mr. Thomas Hall, a graduate student in Sibley

College.

Note I

—

Error in determining quality of the steam. The quality

of the steam can be defined as the percentage by weight of steam

in a mixture of steam and water. Denote the quality by x, the

percentage of moisture by weight, 100 — x, the volume in cubic

feet of one pound of dry and saturated steam by v, volume of one

pound of water by c, the volume of one pound of the mixture

by vj.

Then will we have

XV + (100 — X) c = w,

from which

w — 100 c to A „^ id
X — =

(
100

V — C V \ V

In the above expression lo corresponds to the actual volume

shown by the diagram for any given pressure, v that of the cor-

responding volume measured to the saturation curve ; the quo-

tient to -^ V being the quantity which has been taken as the

quality in the preceding discussion. From the above formula

it is evident that the true quality will be less than the quantity

so obtained by an amount the value of which is expressed in the

second term of the second member. This last quantity is always

very small. The value of c is nearly constant, and may be taken

without sensible error as 0.016. The value of this correction

does not equal 1^ until the quality has become less than 40rr, or

until the amount of moisture exceeds 60/^. The following table

gives the percentage of correction for different conditions with

respect to volumes of the steam.
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Table for Correcting Values of Quality as obtained from Ratio of

Volumes as explained m Paper.

A B C A B C

Percentage
obtained by

ratio of
volumes

Correction to
be j-ubtRicted.
Percentage.

Trne value of
the quality.
Per cent.

Percentage
obtained by

ratio of
volumes

Correction to
be subtracted.
I'eicirntage.

True value of
the qnality.
Per cent.

t' -i-r. «'-5- V.

100 0.000 100.00 70 0.48 69.52
98 0.032 97.968 05 0.56 64.44
96 0.0(14 95.936 60 0.G4 59.36
95 0.080 94.92 55 0.72 54.28
94 0.096 93.904 50 0.^0 49.20
9-2 0.128 91 . 872 45 0.88 44.12
90 0.16 89.84 40 96 39.04
85 0.24 84.76 35 1.04 33.96
80 0.32 79. OS 30 1.12 28.88
75 0.40 74.60 -25 1.20 23.80

Note II.

—

AppUcation to Superheated Steam. If the volume of

steam for a given pressure is greater than that obtained by

measuring to the saturation curve, the steam is superheated.

It is somewhat doubtful if the degree of superheat can be deter-

mined by the increase in volume. If we could consider steam

when superheated as a perfect gas, the product of pressure and

volume divided by absolute temperature would be constant

;

farther, for any given pressure the volume would vary directly

as the temperature.

I have been unable to find much information relating to the

properties of superheated steam. It seems, however, generally

admitted that until the degree of superheat becomes considerable,

the temperature does not increase at the same rate as the volume.

After the steam is superheated considerably, it behaves like a

perfect gas, of which the equation is pv — 85.5 T ft.-lbs., in which

[) is the pressure in pounds per square foot, v the volume in

cubic feet, and T the absolute temperature. The range of tem-

perature required for the steam to pass from the saturated to

the gaseous condition for any given pressure is given by Hirn
as hy Fahr., and by Siemens as 18"' Fahr.*

The following diagram, Fig. 259, was constructed by comput-

ing ratio of -™ from the values given in the steam table in

* See Thtirston'rt Stmm Enjine, Yol. I. p. 771; Thiorie Mecanique de la

Clialeur, Ency. Britannica, Vol. XXII. p. 485.

58



914 THE SATURATION CURVE AS A REPERENCE LINE.

Wood's Thermodyyiamics, and shows the relation between p, v,

and T for different pressures with saturated steam. The straight

line represents the equation as given above for siiperheated

steam. It is to be noticed that the constant for saturated steam

varies from 85.5 at 1 lb. pressure to 78.5 at 200 lbs. pressure.

DIAGRAM SHOWING RELATION OF PRESSURE, VOLUME AND ABSOLUTE TEMPERA'
TURC OF SATURATED AND SUPERHEATED STEAM.

Temperature degre
193 223 250 2W 2«1 2^3 3^3 3:

Absolut^ Temperature degreesj Fahijenheit Symbol T
6^3 6^8 ?\o rk 7|l 7^3 7^3 7J1 780 788 71/5 8l)l 8{)7 8|3 8f8 8^3 8^7 8^

Fig. 259.

An application of these equations to the diagram of the low-

pressure cylinder in Fig. 258 would indicate that the steam enter-

ing the low-pressure cylinder was 840° in temperature. As the

jacket steam was only 350°, this amount seems unreasonably

high.
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DXCIII.*

RESULTS OF EXPEIilMEXTS WITH A FIFTY HORSE-
POWER SIXGLE XOX-COXDENSING BALL AXD
WOOD EXGIXE TO DETERMIXE THE IXFLUEXCE
OF COMPRESSION OX THE WATER CONSUMPTIOX.

BT D. S. JACOBUS, nOBOKEN, N. J.

(Member of the Society.)

In a paper presented to this Society at the recent Chicago

meeting by Mr. F. H. Ball,t a theory was advanced in regard to

the probable effect of comjDression on the economy of the steam

engine, and a law was suggested for determining the most eco-

nomical compression curve. Since that meeting, an opportunitj'^

has been afforded, at the Stevens Institute of Technology, for

investigating this subject by experiment, and the following

pages are a record of the facts thus obtained.

The engine used for this purpose, which will be more fully

described further on, was provided with two valves for alternate

use, one of them being a special valve arranged for obtaining full

compression to initial pressure, as shown in Fig. 260. Owing
to the rather large clearance of this engine, it was found imprac-

ticable to obtain the compression curve sought, if any later cut-

off was used than the one shown, giving only about 20 lbs.

M.E.P., and thus limiting the M.E.P. of Fig. 262 to about 30 lbs.,

which is considsrably below the rated capacity of the engine at

which it is supposed to give its highest economy. It was also

found necessary to reduce the pressure to about 71 lbs. to obtain

the desired compression, and the temporary foundation made it

necessary to run the engine about 50 revolutions per minute

below its normal speed ; so that, because of this reduced speed,

the low boiler pressure, and the small load, the consumption of

steam per indicated horse-power per hour was considerably

* Prcijented at the Montreal meeting (June, 1894) i>f the American Society of

.Mechanical Engineer;*, and forming part of Vi)lume XV. of the Transactions.

\ Transfictiona American Society of Mechanical Engineers, Volume XIV, p.

1067, No. 545.
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above what might have been expected from an engine of this

class under more favorable conditions. These unfavorable con-

ditions, however, did not present any obstacles to the investiga-

tion which was to be made regarding the relative economy of

varying amounts of compression.

The experiments prove that for either equal amounts of work

produced, or for equal points of cut-off, the cushion steam in an

engine should not in general be compressed as high as the initial

pressure in order to obtain the best economy, but to some lower

pressure, thus verifying conclusions arrived at by theory.

The results obtained are as follows :

With a special valve in the engine, so arranged as to compress

the cushion steam to the initial pressure, and cut-off at one-

quarter stroke, the steam consumption was 37.9 lbs. per hour

per horse-power.

For the same work as with the special valve, and compression

to two-thirds the initial pressure, the steam consumption was

36.7 lbs. per hour horse-power.

For the same cut-off as the special valve, and compression to

about five-eighths the initial pressure, the steam consumption

was 34.8 lbs. per hour per horse-power.

The cylinder dimensions were : bore, 10 inches ; stroke, 1

1

inches. The steam pressure averaged about 72 lbs. above the

atmosphere, and the revolutions 250 per minute.

The average indicator cards for the three sets of conditions

are given in Figs. 260, 261, and 262.

The special valve released the steam at a later point in the

stroke than the regular valve, so that small corrections have

been made in the above figures to eliminate variations from this

cause, by extending the expansion line in each case to the end

of the card, as represented in Figs. 2(50, 26
1

, and 262. A Barrus

calorimeter was employed to determine the amount of moisture

present in the steam, and the moisture was deducted to obtain

the steam used. In making the tests, the Avork developed

by the engine was absorbed by means of a Prony brake. The

exhaust steam was condensed in a surface condenser, and

weighed. Indicator cards were taken every five minutes, the

indicator being cleaned and oiled between each three cards.

Readings of the revolutions, teini)eratureH, pressure, etc., were

also made every five minutes. The water was collected in

barrels, and weighed each fifteen or twenty minutes. The
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Avoighings agreed very well among tliemselves. All tests were

au hour or longer in duration. In order to make certain that

the tests were long enough to insure the proper accuracy, the

steam per hour per horse-power was calculated for the first half

of five of the runs, and the maximum discrepancy between the

results for the first half of the runs and the entire runs was

Fig. 262.

found to be one-tenth of a pound of steam per hour per horse-

power, or about one-fourth of one per cent., this is less than the

possible error, and thus proves that the tests were of ample

length.

The results of the separate tests are given in Tables I. and II.

The tests made under similar conditions are seen to agree very

well among themselves, the greatest discrepancy being one per

cent.
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TABLE I.

FINAL RESULTS OP TESTS, CORRECTED FOR DIFFERENCES IN POINTS OF RELEASE

BY EXTENDING THE EXPANSION LINES TO THE ENDS OF INDICATOR CARDS,

AS IS INDICATED IN FIGtTRES 260, 261, AND 262.

Steam pressure at engine =: 72 lbs. above atmosphere. Revolutions per minute, about 250.

Conditions.
No. of
Test.

Duration
of test

iii

minutes.

Average
mean

effective
pressure in

lbs. per sq.

inch.

Indicated
horse-
power.

Steam
per hour
per horse-
power.

Special valve so arranged as to compress
the cushion steam to the initial pressure.

4
5

6

60
100
120

20.81
20.90
20.90

22.76
22.80
22.79

37.8
38.1
37.9

20.87 22.78 37.9

Ordinary valve. Nearly the same mean ef-

fective pressure as for the special valve.

Cushion steam compressed to about two-
thirds the initial pressure.

2
7
8

80
60
60

30.37
20 20
2(1.02

22.65
22.00
21.62

36.8
36.8
36.6

Average 20.20 22.09 36 7

Ordinary valve. Same point of cut-off as

for the special valve. Cushion steam
compressed to five-eighths the initial

pressure.

1

3
10.5

75
28.14
27.30

30.20
30.46

30.38

35.0
34.7

27.72 34.8

For results in detail see Tables III., IV., and V.
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TABLE II.

FIKAI. RESCLTS XOT COURKCTED FOR DIFFERENCES IN THE POINTS OF RELEASE

SO THAT THE STKAM USED PRR HOUR PER JIORSE POWER QIVEX IN THIS TABLE
IS TH.\T ACTUALLY CONSUMED BY THE ENGINE.

C0NT>ITI0N8.
No. of
Test.

Duration
of test in

mins.

Average
mean effec-

tive pres-
sure in lbs..

per i-quare

iuch.

Indicated
horse-
power.

Steam per
hour

I)er horse-
power.

Special valve so arranged as to compress
the cushion steam to'ihe initial pressure.

4
5
5a
6
6a

60
100
40
120
60

20 69
20.78
20.80
20.78
20.72

22.63
22. C8
22.78
22.71
22.62

38.1
38.3
38.2
38.1
38.2

Average, not including partial runs marbed a 20.75 22.67 38 2

Ordinary valve. Nearly the same mean ef-

fective pressure as for the special valve
when allowance is made for differences
in the points of release. Cushion steam
compressed to about two-thirds the
initial pressure.

2
2a
7
8

80
40
60
60

18.66
18.71
18.48
18.31

20.75
20.89
20.13
19.77

40.2
40.2
40.2
40.0

Average, not including partial runs mar ked a 18.48 20.22 40 1

Ordinary valve. Same point of cut-off as
for the special valve. Cushion steam
compressed to five-eighths the initial

pressure.

1

la
3
3rt

105
60
75
45

25.99
25.99
25.23
25.08

27.98
28.01
2H.15
27.99

28.06

37.9
37.9
37.5
37.6

Average, not including partial rune marked a 85.61 37.7

The averages marked a are for the first portions of the corresponding tests. These averages

arc used in calculating the performances for the first portions of the runs, which are shown not

to varj- over one-fourth of one per cent, from the results deduced for the entire runs. This indi-

cates that the runs were of sufficient length. For comparative figures see Table V.

The Barrus calorimeter was attached in the main steam pipe

about three feet from the steam chest. The waste steam was

carried off a short distance through a three-quarter-inch pipe,

which produced a slight back-pressure, so that the lower ther-

mometer read 213'' when the exit steam was saturated. The
various percents of priming are given along with the average

data for the tests in Table III.

Table rV. gives the average heights of the indicator cards, and
Table V. the mean effective pressures and calculations of horse-

power. Table VI. gives the data observed, and Table VII. the

measurements of the indicator cards for one of the tests.

The indicator spring was tested over the entire range of the

indicator cards, and all variations in the scale were corrected for
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by employing the scale corresponding to each ordinate of the

forward and back pressure lines, as explained at the last u^oeting

of this Society in a paper on the Comparison of Indicators.

Cards for each set of conditions were taken, and it was found

that the differences in the equivalent scales corrected for all

variation between the cards under the several sets of conditions,

and between the largest and smallest cards of a set, were within

the limits of practical errors. The average of the scales, or 58.2

lbs. per inch, was, therefora, used in computing the horse-power.

The calculation of the equivalent scales for one of the cards is

given in Table VIII.

TABLE III.

AVERAGE DATA OF TESTS AND WEIGHT OF STEAM LESS ENTRAINED WATER.

o
a

»

D
'A

Date. Conditions.

s

_g

o

1
g
3

a
O

'a

"o

£fe

o|
(1) o

p
a

o

verage

pressure

of

steam

at

engine

in

pounds

per

square

inch

above

atmos-

phere.

11
!§.

o S

Is

'5

<u .

.9

3

'o

Sa
°S
4)
"

to

fl
a
Si

a

en

H < ^a, < CU

1 March 10 Equal cut-off V5 26,186 ro.8 1,881 J 253 1.4 1,060.2

la " 10 •' " CO 14,976 70.8 1,076 253 1.4 1,060.9

2 " Vi Equal M.E.P. 80 20,606 72.1 1,146 227 2.9 834.6

2a " 12 40 10,312 72.1 576J 224 8.0 838.8

3 " 15 Equal cut-off 75 19,3 i7 71.2 l,322i 276 0.1 1,056.7

3a " 15
' 45 11,629 71.0 793} 271 0.4 1,053.8

4 " 16 Special valve 60 15,205 71.8 870 259 1.0 861.8

5 April 3 " " 100 2.-,280 71.7 1,475} 244 1.8 869.4

5a " 3 " " 60 15,148 71.8 888i 242 2.0 870.5

6 4 " '• 120 30,383 72.2 l,741f 2(i8 0.6 865.5

6a 4 " '• 60 15,175 71.7 868} 208 0.6 863.0

7 4 Equal M.E.P. (iO 15,136 72.1 8241 248 1.7 810.2

S 4 60 15,015 71.5 796i 265 0.7 790.7

A small variation in the amount of work done will cause a

greater discrepancy in the results than the difference between

the economy at full and for partial compression ; so that unless

the greatest care be exercised in performing the experiments,

the comparative results may be misleading.

ill
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TABLE IV.

INDICATOR C.\RD MKASDREMENT8.

Mean Height op
IN Is

Indicator Cards
CHE8.

Mean Effective Pressures in Lbs.
PER Square Inch. Scale = 58.2.

NlMBER
OF

Head Eud. Crank End. Head End. Crank End.

.\clnal.

Corrected
for

release.

Actual.
Corrected

for
release.

Actual.
Corrected

for
release.

Actual.
Corrected

for
release.

1 0.468
0.468
0.339
0..340

0.466
0.464
0.370
0.369
0.371
0.368
0.367
0.332
0.329

0..50J

6! 369

oisoi

oisis
0.372

6."37i

6i362
0.359

0.425
0.425
0.302
0.30:1

0.401
0.398
0.341
0.345
0.347
0.346
0.345
0.308
0.300

0.462

6.'33i

0i437

6;342
0.346

6i347

6i332
0.329

27.24
27.24
19.73
19.79
27.12
27. (iO

21..53
21.48
21.59
21 42
21.36
19.32
19.15

29.39

2i!48

2S)ii6

2ii7i
21.65

2ii59

2i'.f)7

20.89

24.74
24.74
17.58
17.63
23.34
23.16
19.85
20.08
20.20
20.14
20.08
17.63
17.46

26.89
l,j

19.26

2a
3 25.43
3i
4
5

19.90
20.14

6a
e 20.20
6a

.......
19.32
19.15

TABLE V.

C.\LCUL.\TIONS OF INDICATED HORSR-POWF.K AND STEAM PER HOUR PER HOT^SE-

POWEI!.

dur-
ation
IX
min-
utes.

REVS.
PER

Indicated Horse-power.

Steam
per hour
less en-
trained
moisture.

Steam per
Hour per

S13I- Corrected for
release.

HoRSE-POWER.

OF MIN-
UTE.

Actual.

TEST.

Head
end.

Crank
end. Total.

Head
end.

15.99

i2;67

i6i44

U.bb
11.94

ii.'93

iiioo
11.40

Crank
end. Total.

Correct-
ed for
release.

1

la....

2
i'j....

3
3a....
4. ...

5
.Vj....

6
«a....

6..'.'.'.

105
eo
80
40
75
45
60
100
40
120
60
60
60

249.4
249.6
2.57.6

2.58.6

258.4
2.5X.4

253.4
252.8
25J.5
253.2
252.9
2.52.3

250.2

14.82
14.84
11.09
11.17
15.29
15.22
11.90
11.85
11.90
11.83
11.79
10.64
10.45

13.16
13.17
9.66
9.72
12.86
12.77
10.73
10.83
10.88
10.88
10.83
9.49
9.32

27.98
28.01
20. ',5

20.89
2.S.15

27.99
22.63
22.68
22.78
22.71
22.62
20.13
19.77

14.30

ioiss

14! 02

i6i76
10.86

ioioi

loi^o
10.22

30.29

22!65

36i46

2j;';6

22.80

22!84

22,66
21.62

1,060.2
1,060.9
«4.6
838.8

1,0,56.7

1,053.7
861.3
869.4
870.5
865.5
863.0
810.2
790.7

37.9
37.9
40.2
40.2
37.5
37.6
38.1
38.3
38.2
38.1
38.2
40.2
40.0

35.0

36 is

34i7

37i8
38.1

37i9

86i8
36.6
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TABLE VL

DATA OBSEKVED IN TEST NO. 2.

Time.

r. 31.

8:.35

S:40
8:45
8:50,

8:55
9:00
9:05
9:10
9:15
9:20
9:25
9 -.SO

9:35
9:40
9:45
9:50
9:55

Averages 1

and V

Totals. \

ill

72
68
75
73
73
70
72
71

75
70
73
70
73
75
73
72
71

78.1

Revolution
Counter.

Total
reading

48,428
49,723
51,020
52,:320

53,610
54,899
56,187
57,471

58,770
60,056
61,386
62,609
63,902
65,190
66,476
67,752
69,034

257.6*

Differ-
ence.

1,295
1.297
1,:500

1,290
1,289
1,288
1,284

1,299
1,286
1,280
1,273
1,293

1,288

1,386
1,276

1,282

Weight of Water
Barrels in Lbs.

Initial. Final.

369i

38ii

365

3;9J-

Net
weight.

269J

285

284J

1,146

Front
Brake
Scales. Tacho-
Gross meter.
W'ght
IN Lbs. t

190 15S
190 158
190 158
190 158
190 157
190 157
190 157
190 157
190 157
190 157
190 157
190 157
190 157
190 156
190 157
190 1.57

190 157

190 157

Z ^ ^

4) (.&,

O =3 «
e u «
C ., t-

M

221
222
226
23:)

221
220
224
233
222
222
225
233
234
233
222
239
237

* Revolutions per minute. t Initial weigtit on Prony brake scales = 55 lbs.

TABLE VII.

DETAILS OP ME.VSUREMENTS OF MEAN HEIGHTS OF INDICATOR CAUDS FOR

TEST NO. 2.

Mean Heights in Inches. Mean Heights in Inches.

Time
Card
was

Head end. Crank end.
Time
Card
was

TAKEN.

P.M.

Head end. Crank end.

TAKEN.

P.M.

Actual.

Cor-
rected
for

ix'lciise.

0.372
0.374
0..376

0..3fl6

0.304
0.375
0.3; 5
0..365

0.368

Actual.

Cor-
rerted
for

release.

Actual

.

Cor-
rected
for

release.

Actual.

Cor-
rected
for

release.

8:85
8:40
8:45
8:50
8:55
9:00
9:05
9:10
9:15

Averaf

344
0.349
o.;mh
0.3.35

0.:«3
0.:i43

0.:)44

0..383

0.331
;e

0.293
0.303
0.313
0.300
o.:;oo

0..304

0.:i07

0.307
0.399

0.323
;W5

0.311
0..3i9

0..334

0.333
0.3.35

0.834
33U

9:20.

9:25.

9:;W.

9:35.
9:40.

9:45.
9:50.

9:55.

0.3.35

0.3.35

0.341
0.;i41

0.333
0.;M7 .

0.341
0.337

0.3.39

0.360
0.366
0.369
0.:W9
0.367
0.375
0.3(;'.)

0.368

0.869

0.295
0.291
0.303
0.303
0..301

0.304
0.3(t5

0.306

0.302

0.825
0.333
0.:«1
0.384
0.333
0..3,33

o.;«6
0.338

0.881
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TABLE VIII.

CALCTLATION' OF EQFIVALENT SCALE OF INDICATOR SPRING CORRECTED FOR
AIL VARIATIONS IN THE HOT SCALE OF THE SPRING. ORDIN.\KY VALVE.

SAME WORK AS FOR SPECIAL VALVE.

Division
of

card.
Area.

o.a=>

Me.in
Height

.

1.10

Corre-
spond'g
scale.

Area

scale.

Division
of

card.
Area.

Mean
Height.

Corre-
spon.rg
scale.

Area

scale.

Al 5S.6 20.51 Bl 0.20 0.02 58.

3

11.66
Ai 0..31 0.97 .')8.7 18.20 B2 0.10 0.31 56.8 5.68
A3 0.21 o.m 58.8 12.35 B3 0.05 0.16 50.8 2.84
A4 0.16 0.50 57.3 9.17 B4 0.005 0.02 56.8 0.28
A5 0.12 0.37 5H.8 6.82 B5 0.00 0.00 .50.8 0.00
A6 0.09 0.28 56.8 5.11 B6 0.00 0.00 5C.8 0.00
A7 0.07 0.21 56.8 3.98 B7. . .. 0.00 0.00 50.8 0.00
AS O.M 0.12 56.8 2.27 B8 0.00 0.00 50.8 0.00
A9 0.004 0.01 56.8 0.23 B9 0.00 0.00 .56.8 0,00
AlO 0.00 0.00 00.0 0.00 BIO 0.00 0.00 56.8 0.00

Totals... 1.354 78.64 Totals... 0..355 20.46

Equivalent scale = (78.64 - 20.46) + (1 354— 0.35.5) = 58.2

TESTS TO DETERMINE LE.UiAGE OF VALVES.

Tests were made to determine the leakage of the two valves

by placing them in the middle position, over tlie valve face, and

weighing the steam which leaked by them when they were sub-

jected to the full pressure. The amount of steam and water

which passed through the ordinary valve was about 10 lbs. per

hour, and through the special valve 2 lbs. per hour. No cor-

rection has been made for this leakage. An examination of

the valves when subjected to the above tests indicated that a

considerable portion of this leakage was in the form of water,

which conilensed from the steam and afterward leaked through

the valve. It is, therefore, probable that the leakage when the

valves were in motion was less than when tested as above.

DISCUSSION.

3/r. John H. Barr.—During the past ye^v an investigation

was conducted in the Siblev College Laboratory, under my
direction, which has a bearing upon the subject of Professor

Jacobus' paper, although the object of our work was somewhat
different. Several months ago I became much impressed with

the idea that, by a suitable system of compression governing,

the economy of a steam engine under light loads might be con-

siderably improved, and I devised a valve mechanism for vary-

ing the mean effective of the engine in this wav. It has lonf^'
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been held that tlie early exhaust closure in the single valve auto-

matic engines is incidentally a source of economy. Dr. Thui^ton

suggested, ten years ago (Trans. A. S. M. E., Vol. II., page 346),

that variation of compression might afford an economical means

of chanfjing the M.E.P. Some time after beginnino- this work,

I came across the paper of Mr. Tabor (Trans. A. S. M. E., Vol.

v., page 48), which sustains this opinion ; and many prominent

members of the Society have agreed with this view. Our exper-

iments were made upon the high pressure element of the Sibley

College triple expansion Keynolds-Corliss engine. By changing

the positions of the eccentrics, and the lengths of some of the

rods, the engine "was made to close the exhaust very early in the

return stroke ; and the excessive compression loop, that would

otherwise have been formed at the end of the return stroke, Avas

avoided by providing communication between the cylinder and

the steam chest when the pressure in the former reached initial

pressure. Fig. 257 of Professor Carpenter's paper on " The Satu-

ration Curve as a Eeference Line " (presented at this meeting),

shows a reproduction of the diagram obtained in our trials with

this steam distribution ; and Fig. 256 shows the diagram obtained

with substantially the same M. E. P. when regulating in the

usual manner of the Corliss engine. It will be noticed that in the

latter case the compression is moderately high for a Corliss engine,

but rather less than is usual in the high speed engines. In the case

of Fig. 257, the compression is abnormally liigii ; and, furthermore,

in this case, the free expansion loss at the end of the forward stroke

is considerable, while the case shown in Fig. 256 is much nearer to

the conditions demanded for economy by Mr. Ball's theorv. We
had expected that the distribution of Fig. 257 might reduce the

cylinder condensation, and the comparison given in Professor

Carpenter's paper indicates that this result was attained. How-
ever, the actual results of our trials show almost the same steam

consumption per horse-power per hour with either method. There

Avas a small gain with the smaller compression, but not at all

commensurate with the difference which Professor Jacobus gives

when tlic enormously gr'eater variation of compression in our

trials is considered. It appears from our work that the high

compression method of regulation gave a better quality of steam

and a higher average temperature in the cylinder, while it was

accompanied by a compensating loss which we have not yet

followed out. It may be that this loss is due to the departure

I
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from the distribution which Mr. Ball gives as the proper one.

It seems to me that one thing is ratiier clearh' indicated by

these trials, however, and that is as follows : Mr. Ball's con-

clusion, as I understand it, rests upon the assumption that the

cylinder condensation is nearh^ a constant ; our work indicates

tiuit this amount may be much reduced b}' compression, but that

in the experiments quoted the compression may have been carried

too far to secure a net gain in economy. It is quite evident that,

with the compression system, we keep the steam in the cylinder

at the higher temperature for a greater portion of the stroke, and

at the lower temperature for a shorter time than when running

with the corresponding M.E.P. under the more usual method of

operation. This should, and probably does, reduce the actual

amount of steam condensed per stroke. It would appear that

this, if true, would affect the application of Mr. Ball's law ; for

an increase of the M.E.P., by adding to the forward pressure,

tends to maintain a higher temperature in the cylinder ; while a

corresponding addition to the M.E.P., by reduction of the back

pressure (through less compression), tends to lower the mean
temperature of the cylinder. The waste per horse-power, through

, ^. . .• 1 X condensation .^, , . ,

condensation, is proportional to — ; either a higher

expansion line or a lower compression line increases the denomi-

nator of this expression ; the latter change tends to increase the

numerator as well, while the former method of changing the

M.E.P. tends to reduce the numerator (or at least to increase it

much less than a corresponding change in the back-pressure line),

and hence it is more effective in reducing the condensation rate.

Does it not appear then, even if we accept Mr. Ball's conclusion

in a general way, that the free expansion at release should be

somewhat greater than the free expansion of the boiler steam
into the clearance space at admission ?

We hope to make further experiments along the line of those

quoted, with an engine better adapted to this kind of work ; and,

while there is not much prospect of realizing any direct commer-
cial gain, it is hoped that the results may not be Avithout value.

It is possible that a fuller account of these trials, and of others

which we have made and hope to make, may furnish the basis for

a paper before the Society at some time in the future.

These trials were conducted with much care ; the steam used
was condensed in a surface condenser and weighed. Eight runs
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were made (four under each system), and they were of from two
to three hours' duration each. Indicator diagrams, gauge read-

ings, etc., were taken every ten minutes, and the water measure-

ment was taken at the signal for the other readings, and also when
each tank was filled. The latter readings were, of course, the more
reliable, although the sura of the partial readings checked the

totals within a fraction of a pound. These partial readings were

practically constant, showing a very uniform water rate (as should

be the case under the steady brake load), and indicating that the

water readings are entirely reliable.

The account of this investigation has been introduced in con-

nection with the present paper, because the variation of compres-

sion was so much greater than in Professor Jacobus' experiments,

and because our work indicates that there may still be, as has

long been held by many, an important compensation in high com-

pression.

Ifr. F. H. Ball.—I quite agree with Professor Barr on some of

the points he has made. I think, however, that I might suggest

an explanation for the apparent difference between the results

which he obtained, and those which Professor Jacobus found. I

presume that, in the engine tested by Professor Barr, the clearance

was very small, and we know that in the engine that Professor

Jacobus tested the clearance was unusually large, and this differ-

ence in the engines would make quite a difference in the results.

One other point. Professor Barr concludes that the best

economy would be obtained when compressing to a point some-

what higher than that which would be indicated by the theory

that I suggested. I presume this would be true, for the reason he

suggests, but I imagine that a careful test would show a very

slight difference in that direction, because, for every change in the

compression in the direction indicated, the point of cut-off would

have to be made later, if the same mean effective pressure is to be

realized, and, therefore, there would be more free expansion loss at

exhaust opening, and that, of course, would offset any gain there

might be in the heating of the cylinder. I will say further that

Professor Barr has written me that he will conduct further tests

on this subject, and I presume he will have interesting data for

presentation at some later meeting.

Profesfior Jacobus*—The indicator cards referred to by Pro-

fessor Barr are reproduced in Figs. 2G3 and 264. It will be seen

Author's Closure, under the Rules.
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Fig. 263.

that the coiulitions imder which his tests were made are those not

fouiul in usual practice, as the engine was worked under very

hght loatls. Mr. Ball's method of obtaining the proper compres-

sion curve is an approximate one, and is not true for extreme

ranges in the load, and may not be true for any case where the

load is an extremely light one. In the case of a light load his

method would indicate that there should be full compression for

an expansion line that meets the atmospheric line, or nearly a

complete compression line in case

the expansion line nearly reaches

the line of atmospheric pressure.

Starting with the conditions of

Professor Barr's tests represented

in Fig. 263, the proper diagram,

according to Mr. Ball's analysis,

would be about as represented in

Fig. 265. Xow, it may be true

that the distribution obtained by

Professor Barr, as represented in

Fig. 264, may give an equal or

better economy than the distri-

bution indicated by Mr. Ball's

theory, as represented in Fig. 265
;

but Professor Barr has not cov-

ered this point in his tests. Again,

if full compression is found to pro-

duce a gain in economy at ex-

tremely light loads, it does not

alter the conclusion drawn in my
paper, which is for cases of every-

day practice wliere the steam is

cut off at about one-quarter stroke. The tests, then, show that there

should not be full compression.

Mr. Ball suggests that the amount of clearance may cause a

difference in the results obtained by Professor Barr and myself.

This is proVjably so. In one set of Professor Barr's tests the steam
was cut off so near the beginning of the stroke that, practically,

only the clearance space was filled at cut-off, and for this case a
difference in the clearance will probably produce considerable

effect on the relative economy. My experiments show that in an
engine of the high-revolution type, running under the practical

Fig. 265.
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conditions adopted in the tests, there is a very small gain in econ-

omy for a given power in compressing the cushion steam to some

pressure lower than the initial pressure, when the steam pressure

is constant and the cut-off is varied to produce the required power.

This gain is so small that it may be annulled by slight differences

in the area due to variations in the points of release. This was the

case in my experiments, 5^ more steam being used per horse-pow'er

with the partial than with the full compression curve for a given

power, when the areas of the indicator cards Avere not corrected

for differences in the points of release. There is a larger gain in

economy in favor of the lower compression when the point of cut-

off is maintained constant at about one-quarter of the stroke, so

that the power is different for the conditions of full and partial

compression. This gain, in my experiments, amounted to 8.2^

when the difference in the points of release was corrected for, or

to 1.3^ when no correction was made for the difference in the

points of release.
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DXCIV.*

XOTES OX THE THEORY OF SHAFT GOVERNORS.

BY ALBERT K. MANSFIELD, SALESI, OHIO.

(Member of the Society.)

At our spring meeting of 1890, at Cincinnati, three papers on

shaft governors were presented, which, together with the ex-

tended discussions thereon, make a valuable contribution to the

literature of this subject.

It is the purpose of tMs paper to add something to that dis-

cussion, with the hope of getting a little nearer to a correct

solution of the perplexing problems surrounding the subject.

The matter to be discussed will be divided into several topics,

for the sake of clearness.

1. The path of «t» unbalanced governo/' hall of a shaft governor,

isoch ronoiishj adjusted.

This problem was proposed by Professor Sweet in one of the

papers referred to, and in an elaborate mathematical analysis

Prof. S. TV. Robinson seems to prove that the centre of the

approximately circular path is vertically above the centre of

the shaft, and that the distance apart of these centres may be

9 78
detsrmined from the formula h = -^ ; h being the distance

sought, in inches, and n being the number of revolutions per

fiecond.

Confirmatory of this result, an experiment was made with an
unbalanced weight, arranged according to the requirements of

the problem. The figure illustrating the experimental appa-
ratus is here reproduced (see Fig. 2fJ6).

The spring adjustment was such that this apparatus was
thought to be isochronous at 5o5 revolutions per minute, and
the experimental determination gave h — 0.126 inch (mean of

* Pre.«eniefl at tlie Montreal meeting (.June, 1894) of the American Societv of

Mechanical Engineers, and forming part of Volume XV. of the Tramactiom.

S9
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several trials), while by tlie formula h becomes 0.114: iucli—

a

fairly close agreement.

Following this a table of values of h was given, derived from

the formula, revolutions per minute being taken at from 1,200

as a maximum down to 60 ; A in the former case being by calcula-

tion 0.02 inch, and in the latter 9. 78 inches.

Suppose this table to be extended to cover slower speeds

than sixty revolutions per minute, even down to one revolu-

tion per minute, li would be found at this speed to be, by the

formula, 35,200 inches, or 2,933 feet—more than half a mile

above the centre of the shaft.

Fig. 266.

This extreme result is noted merely as a curious matter of

interest.

The formula is doubtless correct, as deduced from the as-

sumption on which it is based ; but let us examine the assump-

tion.

Beferring to the figure of Professor Sweet's paper, here repro-

duced (Fig. 2<'»7), Professor Robinson says :
'* Suppose, to start

with, that the weight B is at j, moving along a horizontal por-

tion of arc. The action of gravity tends to deflect it downward

instead of allowing it to move along a circular ])ath concentric

with the shaft, thus giving the mass B an accelerated motion

relative to the wheel A, and along tlie radius AB, so that by

the time the weight reaches a it will have a considerable
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Fig. 267.

velocity towai-d the centre C. From this point on gravity

counteracts, and on reaching d will have destroyed the radial

velocity toward C, when B will again be moving horizontally,

or perpendicular to the radius, but will be at a point nearer

the centre C than when at 7. Now, from this point on a radial

acceleration will occur, so

that at :j the weight will be

moving outward with a

radial velocity which, from

tj on to j, will again be

destroyed by gravity, thus

bringing the weight to rest

on the radius at./, though

at a greater radial distance

from the centre C than at

any point before in the

revolution, and putting the

weight in the position and

condition supposed at the

start, when it will go on in

repetition of the curve as

the next turn of the shaft is made, and so on, continuously,

the curved path described being found to be nearly a circle,

with its centre elevated above that of the shaft."

The questionable part of this reasoning lies in the first sen-

tence :
" Suppose, to start with, that the weight B is at ji', mov-

ing along a horizontal portion of arc." Under this supposition

what follows is justified ; but the supposition is only one of an

indefinite number that may be made with equal correctness, each

leading to a different conclusion.

For example, suppose we start the analysis from the point a,

the weiglit being assumed to have no radial movement at that

point, and the motion to be right-handed. Then, during the

entire first half-revolution, an accelerating force is drawing the

weight away from the centre, always faster, until at g this force

becomes zero, and the velocity outward is uniform. During the

next half-revolution, a force of equal effect acts to draw the

weight toward the centre, but this force must be entirely ex-

pended in overcoming the velocity of the weight outward, which
it had when at the point 7, therefore the movement of the weiglit

is outward during the whole revolution. The same action occurs
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in succeeding revolutions, and the weight describes a spiral

outward, finally reaching its outer stop.

If we start the analysis from </, we find by similar reasoning

that the weight describes a spiral inward.

The reasoning in the case of starting from g or a, which does

not permit the ball to return to its starting point, is found to be

rational, when compared with the case of any weight moved in

a straight line, with no resistance except that of inertia, by an

accelerating force, and stopped by an equal retarding force. The
weight comes to rest, and no work is gained or lost, yet the

weight is found in a new position.

Again, if we consider the weight to start, with no radial move-

ment, from any other points intermediate between its positions,

a, {/, andy, d, it will be found to describe a spiral outward when
the first position is taken at the right of the axis, and inward

when at the left. These spirals are, as will be seen by con-

sideration of the forces of inertia, in no case regular spirals, but

are merely of spiral nature, not re-entering.

The conclusion to be derived from this analysis seems to be

that the problem has no true solution, or if any expression based

on correct reasoning could be found for the curve, it would be

irrational.

Moreover, under the conditions of perfect isochronism

assumed, one would be led to expect the motion of the ball

to be erratic ; as, for instance, it might first move in the outer

spiral, when, reaching the outer stop, it may be compelled to

move horizontally at the point j, which might start it in the

eccentric circle. Slight disturbing influences, as of the atmos-

phere, would probably change it from this to other of its paths.

This expectation seems to be to some extent verified by the

experiment of Professor Eobinson, for we find in his table

of results the remarks " spiral inward," " spiral outward,"

"steady," etc.

The practical conclusion to be derived from this analysis is

that an unbalanced weight in an isochronous shaft governor

is not feasible.

2. Centrifugal moment of a governor weight.

Theorem : The centrifugal moment about the weight pivot,

like the simple weight moment, is the same wherever on the
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line through the centre of gravity of the weight to the centre of

the pivot the weight be considered as concentrated.

Let A, Fig. 268, be the centre of the shaft, B the centre of

gravity of the weight, and C the pivot centre or fulcrum.

In considering simple weight leverage about C, the effective

weight may be assumed to act at any point on the line B C, as at

Fig. 268.

E, in which case the weight at B is to the actual weight at B as

B C io E C. The centrifugal moment of weight B for any given

number of revolutions is proportional to the radius B A times

the line G C, drawn at right angles to ^^ through G. The
centrifugal force of the resultant weight E is similarly A E
times D G ; D C being drawn at right angles to AE prolonged.

According to the theorem,

AB A GC X CE = AEx DG X BC,

the lines CE and B C being the relative weights in the two
cases.

Proof: Draw the line i^^ at right angles to B C. Then we
have the similar triangles AFB and CGB ; also AFE and
CDE,
from which AB'.AF=GB: G G,

and CE: CD = AE: A F.
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Multiplying the equations together, and equating product of

means to product of extremes, we have

AB X GC X CE=AEx DCxBC
as asserted.

This goes to show that the attempt, which is evident in some

shaft governors, to so design them that the centre of gravity of

the weight shall move nearly in a radial, line is- unnecessary.

"Wherever the weight be concentrated on the line B C, provided

its amount be sufficient, the result is the same whether the arc

described approaches a radial line or not.

This demonstration leads up to another interesting detail,

which seems to show that shaft governors are not always ar-

ranged for true isochrouism.

3. Position and tension of spring.

In Fig. 269 let A be the centre of shaft, B the centre of gravity

•}.

Fig. 269.

of weight, and ^'the weight pivot, as before. Since the line A B
may be taken as a measure of centrifugal force of i?, then a line

from A to />' at any other position of B in its arc will be, in an

isochronous governor, assuming uniform velocity, a correspond-

ing measure of the centrifugal force of B in this new position,
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as the line -1 Vi, for the position 1\. Suppose a pull spring

pivoted SO as to swing about the point .1, and to be pivotally

attached at its outer end to the centre of gravity of B : also,

suppose the spring to be of such tension and strength as to

exactly balance the centrifugal force of B. Suppose, also, that

the line ^1 /) represents the total extension of the spring

—

i. e.,

that when the end /> of the spring is at A the force of the

sprinjj is zero—then the spring, from the laws of spring ten-

sion, will just balance the centrifugal force of the weight B
in other positions, as at Bi. The arrangement is therefore

isochronous, for centrifugal and centripetal forces are exactly

opposed to each other in direction and amount.

Take any point //, as before, on the line B C, and draw the

line .4 £: consider A K to represent a spring pivotally sup-

ported at A and pivotally connected at E, and of such force as to

counterbalance the centrifugal force of B, or of its resultant

weight at E. Then, if the zero of tension of this spring is at A,

it will counterbalance correctly the centrifugal force of the

weight at all other positions, as at E^, for the spring lies in the

line of action of centrifugal force, and its leverage D C about

C is the same as that of the centrifugal force. From which it

is clear that a spring pivotally adjusted at A, and pivotally con-

nected to the weight-arm at any point on the line B C\ is cor-

rectly located to produce exact isochronism.

In Fig. 270 let A, B, B\, and C represent shaft, weight, and
pivot, as before. Draw lines A C and Bx A . Draw an arc from

C through any point E on the line B C, cutting 7)^ C at Ei.

From the point E draw EA^, parallel to B A, and connect Ai
to El. The figure .4, E E^ is exactly similar to the figure

.1 B B,, and corresponding sides of the figures are parallel to

each other. It will be clear from the foregoing and from inspec-

tion, that if a spring be pivotally connected from A^ to E, and
has its zero of tension at Aj, and is adjusted to balance the

centrifugal moment of the weight, it -^s'ill balance it in all other

positions, as at Ei. But the arc B B^ need not have been drawn
through the centre of gravity B, for, from the previous demon-
stration (see Fig. 268), it could have been drawn through any
other point of line B C : therefore, the line B A might have had
any direction between that of the direction of the line A C to

that of the direction of a line A B., parallel to B C. Such an
indefinite number of constructions would bring the point
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Ai at any position on tlie line A C, or its continuation

through A.

It has therefore been shown that a spring pivotally swung at

any point on the line CA, or its continuation through A, and pivotally

connected to any point on CB or its continuation through B, and

Fig. 271.

having its zero of extension at the first-named point, is correctly

pkiced to produce exact isochronism.

Referring to Fig. 271, it will be clear without demonstration
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that tlie point of connection to weifflit-arm need not be on the

line B C. It may be anywhere on the weight-arm, as at F, pro-

vided a new zero line G C be drawn angularly the same distance

and direction from ^-1 C as the line FC from F C.

It follows that the point of connection of spring to weight-

arm, and the direction of action of spring, may he selected entirely

at raniloin, or for convenience, provided only that the length

between pivots and the tension of spring be fixed according to

the principles laid down.

The conclusions arrived at by the preceding reasoning may
be expressed in the form of a second

Fig. 273.

Theorem : The combined zero and fixed pivotal point of a

spring, arranged to act isochronously on any point of the line

of weight-arm from weight pivot through centre of gravity of

weight, may be taken at any point on the line from weight pivot

through centre of shaft. Moreover, the spring force required
will be inversely as the distance of the fixed pivot from the

weight-arm pivot.

In Fig. 272, letters A Ai B C^ represent the same parts as in

Fig. 270. Drop perpendiculars C G and CD from 6'on lines A F
and F A^, respectively; also from ^drop the perpendicular FF
on line A C. Then similar triangles A^ EF and A^ CD, as well
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as AFE and A C G, are formed, from wliicli proportions may
be made as follows :

AE : EF= AC : C G,

A,C : aD = A,E : EE.

Multiplying together, equating products of extremes and

means, and canceling E F, we have

AEx CG X A,C=A,Ex OB X AC,

or AEx CG = A,Ex CF> X 4^.

If we consider ^ C' to be the unit of force of the spring when
the fixed pivot is at Ai, and Ai C the unit of force when the

pivot is at J, then this becomes intelligible.

It shows that the linear extensions of the springs A E and

Ai E, multiplied by their leverages G C and C I) and by the

units of force of the springs, are equal. The points E and A
,

were taken at random, which makes the demonstration general.

A further consideration of Fig. 268 will show that when ^1 is

the fixed pivot the unit of spring force is inversely as the dis-

tance of the point of connection on line B C from C
If, therefore, we have computed the centrifugal force of the

Aveight B, we have merely to multiply this centrifugal force bj' the

B C A C
ratio 7^77 x -p^y (see Fig. 270 for illustration ) to find the corre-

sponding balancing spring force ; or to multiply the centrifugal

force per inch of radius by this ratio to find the correspond-

ing spring force per inch of extension. The linear extension

of the spring was before shown to be EA^.

4. Approximate isochronism.

In Fig. 273 let A B C be the centres of shaft, of gravity, of

weig'ht, and of pivot, as before. Draw a line from I> through

A to any point <). Let O bo the fixed point of a spring pivotally

attached to B, and having its zero of extension at A.

It is clear that the arrangement may be made isochronous for

the two positions A and B. For the moment consider O to be

infinitely removed from A, and investigate the mid-position of

B at />V Draw /j, O^ parallel to B O, and A Ai parallel to

Bi C; also A Bi, and JJ Cat right angles to A Bi through C.
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Let A (
' be represented by /*' and tlio angle . /

(
' /i , by a.

Theu the spring moment at JJ^ is //' sin a, and the centrifugal

moment is 2 /?- sin - x cosin 7^ , which expressions are equal to

each other, by trigonometry. Therefore, with a spring so located

and adjusted, a third point, i?„ is isochronous. If the point O
is a finite distance from A, as shown, it will be found that there

will still be a point B^^ near the middle of the arc A B, which

Fig. 273.

will be isochronously balanced ; other points, however, between
A and Z>, will have their spring moment too small, and points

between B^ and B will have their spring moment too large.

Suppose the spring to be arranged as in Fig. 274, the point B^
being the inner or initial position of the weight B; then clearly,

from previous demonstrations

—

being the pivotal point of the

spring—to produce isochronism at points 7?, and B, A^ must be
the zero point of the spring. It will be found as before that a
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point nearly midway between B and B^ is also isochronous
;

also, if the angle B C Bi is not large, the approach to complete

isochronism is very close.

This corresponds to the arrangement commonly used in prac-

tice. Clearly, the arc B B^ may be drawn in any other place

from C' as a centre, as at D D^, the line of the spring being made
to pass through these two points, and their angular distance

apart being the same as that of B and B^.

Fig. 274.

5. Influence of the weight of the spring.

Let the spring be applied, as in Fig. 275, and let 6^ be its centre

of gravity. Determine its moment m of centrifugal force about

its pivot 0, and divide by the length of the spring 7>i 0, Avhich

we will call I. Owing to the weight G being constant, and the

111

direction of I practically always the same, -j is very nearly con-

stant

—

m being the moment of centrifugal force and I the length

of the spring—for any degree of extension between Z>i and /),

and the quantity -j is the tangential force at 2), due to the cen-
V

I

I
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trifugal force of the spring. Extend the arc D D^ across the

line A ( \ and lay off each side of the line to I^ and J^^i one-half

the arc I) D^. Draw radial lines from C to I'^ and 1*^. Draw a

circle through (' whose diameter is the chord D D^. From A
draw lines tangent to this circle, crossing the radial lines CF
and CFi at K and A^. Let d represent the distance A K.

Then, since j is the force, ^ is the weight, which, concen-

trated at Kox Ki—according to the position of the weight-arm

Fig. 275.

B C—will produce a centrifugal moment about C almost exactly

equivalent, at the three points /r, ifj, and 0^, to the centrifugal

moment due to the spring weight. Between the extreme posi-

tions K and Kx and the central position the action of such a

weight is not exactly equivalent to that of the spring, but with

a moderate arc the error is extremely small.

The object of determining the location and amount of the

equivalent weight /ris to find the influence of the spring on the

location of a correct centre of gravity line B C.
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6. Infiuence of the weight of the link.

Theorem : If a governor link be constrained to move at one

end in a circular path about the centre of the driving shaft, and

at the other end in a circular path about the centre of the

weight pivot, then is the centrifugal effect of the link the same

as if that portion of the weight of the link were concentrated

at its weight-arm pivot, which would rest on its support if the

link were placed in a horizontal position on two end supports.

In Fig. 276 let A be the shaft centre, C the weight-arm pivot,

L O the link, and G the centre of gravity of the link. G A —
G Ay may be taken to represent the centrifugal force of the

link. Clearly, this force may be resolved into two forces, Om
and L w, the sum of which is equal to G A, while their ratio is

as G Lio G Oy and their direction of action parallel to G A.

Besolve in into the components 02^ and O q. Op having a

radial direction from yl, and q lying in the line of the link.

Lay o^ O q from L to r/,, in the direction of the link, and combine

A 7, with Ln by the parallelogram of forces, which gives the

force Lk as the total resultant force of the link tending to rotate

the weight-arm about its pivot.

Draw LA, also Gt parallel to A, and t c parallel to L.
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By geometry G A is divided at r, and Z .1 at /, in the same

ratio as Z ^ at (? ; therefore, since O m was made equal to G v

in amount and direction, the triangles m Oq and Gvt are equal.

L n was made parallel to and equal io v A, and ri s is parallel

to and equal to v t by construction ; therefore the triangle n s L
is equal to the triangle vt A, and Zs is equal to ^1 1 in amount

and direction.

At OG A . X T OG
.^^* AL=OL^ ^^' .1^-AZx^,

In other words, when the centrifugal force acting at G is rep-

resented by the radius A Gy that acting at Z may be represented

by the radius ^1 Z, multiplied by a fraction which is the ratio of

the weight G, which would be supported at Z, provided the

link were to rest in a horizontal position on two supports at Z
and O ; which was to be proved.

If the centre of gravity of the link were at its centre, as is

common, then it would be exactly right to consider one-half the

link concentrated at Z.

7. Fridional effect of valve.

In Fig. 277 let A C represent the maximum tension of spring

and B C the tension to inner position of weight-arm. Let A D

and BE represent the spring force corresponding to positions

A and B of weight-arm. Assuming perfect isochronism between
weight and spring, then A D and B E also represent the bal-

anced centrifugal force, and this force for any intermediate posi-
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tion of weight-arm is tlie corresponding height from the line

A £ to the line D E. Up to this time we have neglected the

eflfect of valve-gear friction.

Fig. 378.

Supposing this effect to be a constant force acting in the same

direction as the centrifugal force of the weight, then it may be

represented by a line parallel to and above I) C, SbsFCi. If the

constant friction of the valve-gear acts against centrifugal force,

Fig. 279.

or with the spring, then Fi C,, parallel to D C, may represent its

effect. In the former of these cases the maximum spring force
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becomes .4 F, and the maximum spring tension A Cx, while in the

hitter case these quantities become A F^ and A C-i.

In some constructions the connection between the governor

and the valve-gear is such as to produce a variable effect of fric-

tion. This is the case with the " Buckeye" governor, shown in

Fig. 278, in which, moreover, this friction has a centripetal effect.

In Fig. 279 this variable resistance is illustrated by the curved

line 7^1 E^.

By reference to Fig. 278 an auxiliary spring P will be seen,

which is designed to act through a little more than half the

range of the weight-arm, and to produce an effect illustrated by
the shaded portion of Fig. 279. The result is that a line F^ 6\

approximately straight, illustrates the centripetal action of the

main spring, B Cx being its initial tension, and B Ei its total

force at first stop, or initial position.

8. Inertia in a shaft governor.

In Fig. 280 let .4 and C be the centres of shaft and weight

pivot, respectively, and consider the total effective weight of the

T^C

Fig. 280.

governor weight and arm centred at B. Inertia acts on the

weight B at right angles to the line A B.
From analytical mechanics (see Weisbach) \he force of inertia

may be represented by the expression P = M R—r-, while cen-

trifugal force i?, F — od^ MR; in both expressions oo is the angu-

lar velocity, J/ the mass, R the radius A B, and c^ t the small

interval of time in which a change of velocity occurs.

m
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Substituting for go its equivalent value 2 n T, in wliicli T is

the number of revolutions per second, and differentiating tlie

equation for centrifugal force, since it is only tlie difference of

force due to change of speed which is effective, we have

d T
a t

and dF=^7r' MRTclT.

11 B L or B B, according to the direction of motion, repre-

sents the force P, and B A, the force d F, then B Ly oy B Ri is

the resultant of these forces, and the tangent of the angle A^ B Z„
or ^1 B Ri, which angle we designate by a, is

tangent a = —^ ,

or, substituting above values.

tangent <:>' := .—^r^-y-° ^7t 7 dt

"^.L.

Fig. 281.

We see from this that the effect of inertia to increase or

decrease (according to the direction of motion) the moment of

force about the weight pivot is loss the greater the number of

revolutions per unit of time, and is greater the less the interval

of lime in which the change of speed takes place.

Let us assume that the weight B is no longer concentrated in

a point, but is spread out into a disk of considerable size, as in
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Fis. 16, whose radius we call /•; then the force of inertia relative

to the axis ^1 is greater than before.

By a well-known law of inertia, the radius of gyration of the

weight is Ji -i -, therefore the force of inertia acting at B is

Substituting 2 tt T for &^, and dividing by d F as before, we have

tangent a = \ l^
Suppose r to be \ of R, T to be three revolutions per sec-

ond, and d t to be one second ; then tangent a becomes 0.0406,

and (X is less than 2t°. \i dt is jV of one second, then a

becomes about 22", and if dt is j^y of one second, a is about

76'. The extremes of these three cases are shown graphically

in Fig. 281 for both right and left hand motion. This illustrates

to how great an extent, when changes of speed are sudden, iner-

tia force may be useful to assist centrifugal force ; also to what
a slight extent inertia acts when changes are not sudden.

It also shows that if the direction of motion be badly chosen,

the combined forces may produce an instantaneous moment x

about the weight pivot in the wrong direction, thus interfering

with sensitive governing.

As to the actual value oi dt in practice, it may often be a very

small quantity, for in an engine having dead points the velocity

changes a number of times, to a greater or less extent, during

each revolution. These changes are less the heavier the fly-wheel,

therefore with a light fly-wheel an inertia governor should be

specially efficient.

In one of the papers referred to at the beginning of this ar-

ticle, Mr. Armstrong advocates the use of inertia in the way
which would reduce the effective moment about C, for the sake

of " stability."

The fact seems to be, however, that stability and sensitive-

ness are best arrived at by using the force of inertia to aid

centrifugal force, as in the left-hand motion of Fig. 281.

Fig. 282 illustrates a governor for a single-valve engine—de-
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signed by Mr. J. W. Thompson—which is said to have performed

so perfectly that no perceptible variation of speed in the range

of the governor could be detected by careful test, and there was

no trouble from racing.

It will be noted that the arc through which the weight-arm

moves is so small that isochronism could be practically perfect,

while inertia was utilized to a great degree.

*

Fig. 282.

In Fig. 283 is represented a very ingenious method of combin-

ing a separate inertia weight with a shaft governor. This was

applied by Messrs. Bancroft & Lewis, of Philadelphia, to a Buck-

eye engine in the works of Wm. Sellers & Co.

The inertia weight consists of a wheel, which, being centred

on the shaft, hao its centrifugal force completely balanced, while

its inertia force acts to aid the centrifugal force of the governor.

Instead of causing racing this is said to have overcome all ten-

dency to race, thus enabling the governor to be adjusted for

practically perfect isochronism.

It is well known that an increase in the amount of the bal-

anced forces—centrifugal and centripetal— of a governor tends

to increase the effectiveness of the governor to overcome dis-
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turbing influences ; yet an increase in these forces may produce

an increase of friction in the pivots, which may defeat the desired

object. The friction of pivots is not increased, however, by so

designing the governor as to utilize inertia to aid centrifugal

force.

In this respect the shaft governor may have a decided advan-

tage over the old ball governor, which is purely centrifugal.

Fig. 283.

Referring back to Fig. 283, it is not essential that the inertia

weight be centred on the shaft. It may be centred at the

weight-arm pivot, thus forming a part of the weight-arm. If its

centre of gravity is coincident with the centre of pivot it will

not affect the centrifugal adjustment of the governor weight, but

will aid the governing moment by its inertia.

DISCUSSION.

Prof. Gaetano Lanza.—I should like to ask Mr. Mansfield two
questions. " One is whether he knows of any experiments to show
how the friction varies in a shaft governor, and how much it is,

whether it is constant, or whether it varies by any law, or by no
apparent law.
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The other question is whether he has considered what is the

effect produced by the bending of the springs in consequence of

the centrifugal force of the springs themselves.

Mr. Mansfield.—I would saj^, in answer to the first question,

that I do not know of any experiments with a shaft governor

that would answer it reliably ; but there are adjustments that may
be made that seem, in my experience, to make it unnecessar}'' to

answer it, for we are able, by making the adjustments carefully,

to produce almost perfect governing.

As to the bending of the spring through the centrifugal force,

in eno:ines as ordinarilv constructed, which run at a uniform rate

of speed—or as designed to—the bending of the spring must be

nearly constant, and that merely changes the direction of action

of the spring. If we were able to calculate with certainty as to

just the amount of deflection of the spring, it should modify

slightly the design of the governor ; that is, what appears to be

the direction of the action of the spring is not actually the direc-

tion when the governor is acting at the speed of the engine.

Further than that I cannot answer the question from any experi-

mental knoAvledge.

Professor Jacobus.—Mr. Mansfield has given us a theory of the

governor, but in no place has he stated the actual time for a gov-

ernor to move from one position

of adjustment to another, and

the relative time in moving, say

from half load to no load, and

from full load to no load. This

was made a subject of ex])eri-

mental investigation at the Ste-

vens Institute of Technology on

a Ball & Wood engine, in which

the action of the governor de-

pends but little on the so-called

inertia effect. I have obtained
Fig. 284—SpringH at full theoretical curves which represent tiie spiral

tension. Revolutions 285 per minute. n i i

Dash-pot removed and governor in un- l)atll travelled OVer by tiie gOV-
stabie equilibrium.

^.,.„oi. ^.^Ug ^^ ^hey iiiovo from

one position to another under various conditions. In tlie actual

experiment tiie spirals are not taken directly from the governor

balls, but they are taken from the centre of the valve eccentric,

which, being moved by the governor itself, represents the move-
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Fig. ^^^-^'^^^l-l^S^-' -^ "-- -

ment of the governor alter proper

corrections are made. Figs. 284,

286, and 288 show these spirals.*

The indicator cards shown in

Figs. 285 to 294 represent the

steam distribution before and

after the load is thrown off. By-

counting up the number of the

coils of the spirals, we obtain the

exact number of revolutions re-

quired for the governor to move

from one position to the other, ... airoiiunep
FiG. 286.-Tension of springs ad-

and m this AVay ^^e nna i-"*^
j^gted so that the governor is ]U8t at

amount of time required to make the point of unstable equUibriam. No
an-OUiiL ui Luiic ^^

dash-pot. Revolutions 265 per minute.

an adjustment.

PIG 287 -Indicator cards taken before removing the load and tracing the

spiral showrn in Fig. 286.

The method of performing the experiments was described at the last meet-

ing of the American Association for the Advancement of Science, and specimens

of the curves obtained were exhibited.
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There were two sets of curves obtained in the experiments, one

with a dash-pot on and one with the dash-pot off. For the present

discussion we will only consider those obtained with the dash-pot

removed, which are those represented in the figures. The curves

show that the time to effect the

adjustment from one-half load to

no load is the same as from full

load to no load, and that the

adjustment is accomplished in

three and one-half revolutions.

If the governor is set just at the

point of " hunting," so that the

springs are at the full theoretical

tension, the time required to ad-

just from one load to another is

about the same as the time re-

FiG. 288.—Adjustment of governor quired when the springs are set
same as in Fig 286, with less variation

g^^ ^jj^^ the revolutions are about
of load than tliat corresponding to t itr.

286. See indicator cards Nos. 287 and forty per minute below the speed
"

for correct adjustment. In

other words, the governor will regulate just as quickly when the

s))rings are set so that it is in a very stable condition as when set

so that the governor is just at the point of unstable equilibrium.

Fig. 289.—Indicator cards taken before removing the load and tracing the spiral
shown in Fig. 288.

Let us now consider the so-called inertia effect. The point

I wish to bring out is this: that if we add an inertia weight, or

an inertia wheel, in the way that it is represented on page 940

of tliis paper, we may retard, instead of accelerate, the action of

the governor. Mr. Manslield lias stated that for a large liy-

wheel it has veiy little accelerating effect, whereas it may be

readily demonstrated that if wrongly ap})lie(.l it will have a
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retarding: action, so that a gov-

ernor with the inertia wheel

wouUl require a much longer

time to move from one position

of adjustment to another than it

would with the wheel removed.

No ex]ieriments were made on

the inertia weight, althouoh we
intend to do so, but the action

of the inertia weight may be

readily solved in an approxi-

mate way, in which all the errors
p^^ 290.-Tension of springs ad-

involved will be against the point justed so tbat governor is in stable

T •
-I u. 1 • 1 • ii i equilibrium. No dash-pot. Revolu-

I Wish to prove, which is that an ^^^^ 345 p^^ minute.

Fig. 291.—Indicator cards taken before removing the load and tracing the spiral

shown in Fig. 290.

inertia weight may be put on so

as to retard the action of the

governor.

Let us consider the case of a

loose fly-wheel, as represented

on page 940 of the paper. As-

sume that the loose fly-\vheel

had 60° angular movement for-

ward, which conforms with cases

of actual construction, and deter-

mine the amount of variation

Fig. 293.-Adjustment of governor '^^ speed that WOuld have to

same as in Fig. 290, with less variation of
^j^j^y pl^ce if the loose fly-wheel

load than that corresponding to rig. 290. ' -^

See indicator cards Figs. 291 and 293. moved through its extreme range
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in one, two, three, and four revolutions. If moved through the

entire range in one revokition, the speed of the fly-wheel would

have to vary 33i^ in order that the governor should move through

the extreme of its range of 60°. This is on the assumption that

the flv-wheel is uniformly accelerated, in which case we have

2 X 60 _

360 ~ ^"^^^ If moved through the extreme range in two

Fig. 293.—Indicator cards taken before removing the load and tracins^ the
spiral shown in Fig. 292.

revolutions, the speed would have to vary 33^ -^ 2 = 17fc. In

three revolutions it would have to vary 11^, and in four revolu-

tions 8fc.

Taking the case of the Ball & Wood engine, in which these

diagrams were obtained, we can readily determine how much an

inertia wheel, placed loosely on the shaft, would move backwards

for each revolution if the load driven by the engine is suddenly

removed. Assumino; that the whole effect of the steam acts on

Fig. 294.—Average indicator cards taken after removing the load from the
engine and tracing llio spirals represented in the figures. Scale of all cards
= 40 11)3. i)er inch.

the eniiino after the load is removed, we mav determine the min-

imum time required to move the inertia wheel through a given
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angle, or the inaxinmin angle that the inertia wheel will move
tiirough per revolution of the fly-wheel shaft.

If the inertia wheel Avere used in the ordinary way the resist-

ance of the valve would tend to increase the time required to

effect an adjustment. The point of cut-off would also be earlier

at each successive stroke after the load w^ as thrown off, Avhich will

also increase the time of action, so that it -would be greater than

the minimum time determined by assuming the entire effort of

the steam to act on the fly-Avheel as alread}^ described.

In the case of the Ball & "Wood engine there are two fly-wheels,

each 5 feet in diameter, and their combined w^eight is equivalent

to about 1600 lbs. at the rim. The cylinder is 10 x 11 inches,

and the engine is rated at 50 II.P., at 300 revolutions per minute.

If, Avhile running at 50 H.P., the load is suddenly removed, the

gain in speed per revolution, as calculated by Rankine's formula,

and assuming no diminution in the indicator cards, is 1.8;^. The
movement of a loose fly-wheel for this variation of speed Avould

be 0.018 X 360 -i- 2 = 3.2°. For two revolutions the movement
Avould be 3.2 X 4 — 13°. For three revolutions the movement
would be 3.2 X 9 = 29°

; and for four revolutions, 3.2 x 16 = 51°.

Therefore, if the entire power of the engine were employed to

accelerate the fly-wheel, the amount of movement of the loose

wheel would be 51° in four revolutions.

"We have not, as already stated, considered the effect of the

action of the valve mechanism in retarding the velocity of the

loose wheel, or of the diminution of acceleration of the fly-wheel

on account of the reduction of work in the cj^linder at each suc-

cessive revolution after the load is suddenly removed. Both of

these effects would tend to retard the quickness of action of the

loose wheel so that a less angle would be moved through than is

indicated by the calculations.

For three and one-half revolutions the maximum angle that the

loose wheel could move throug-h is 3.2 x 3.5 x 3.5 ~ 39°. The
experiments demonstrated that the governor moved over the ex-

treme range in three and one-half revolutions, so that if an inertia

wheel having an angular movement of over 39° were used in con-

nection with the governor it would retard instead of accelerate its

action.

I do not wish to be understood as speaking against the use of

the so-called inertia governor, because if riglitly applied it may
hasten the adjustment, and combined with the dash-pot to prevent
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overtravel it may be made to combine quickness of action with

stability and close adjustment of speed. If a dash-pot is placed

on a governor which has but little power, it retards the action

considerably. An inertia weight having a small angular advance

and producing a powerful action of the governor will produce the

best results, and this should be borne in mind in designing a

governor.

Mr. Frank II. Ball.—I had not intended to say anything on

this paper, but a thought occurred to me since the paper has been

presented that I wish to speak about. I think there is a tendency

on the part of many of our members to make a distinction be-

tween inertia and centrifugal force that the circumstances hardly

warrant. Of course, if we stop to think of it, we all know
very well that centrifugal force is nothing but one manifestation

of inertia. Inertia is that property of matter which resists any

change of condition as to motion, and in the shaft governor we
have centrifugal inertia and tangential inertia. We often see

governors with one weight suspended so as to be acted on by tan-

gential inertia and called an " inertia weight," and another arm
from the same pivot carrying a weight located so as to be acted

on by centrifugal inertia, and called a " centrifugal weight."

These weights move as one mass, and the forces which act at

right angles to each other may be resolved into a single force act-

ing at some intermediate point where the combined masses of the

two weights may be considered as concentrated, and it therefore

becomes merely a question of the angle of suspension of a single

weight.

Mr. C. W. Baker.—Mr. Mansfield has told us that it is possible

to design a governor which will regulate the speed without any

appreciable change of velocity between full load and fi'iction load.

It would be of interest to the members if he would explain just

what he means by appreciable change, because it is customar}'

in drawing specifications nowadays to put in a limit as to what

change in speed will be allowable; and there is some difference of

opinion as to what is a reasonable requirement.

Prof. J. Bvrkiti Webb.—There are two or thi-ee points in the

discussion that I would like to call attention to. First, with ref-

erence to something Professor Jacobus spoke of. If we attach a

spring to a su})port and hang a weight upon it, it does not matter

whether we pull the weight down three inches or six, and release

it, it will take the same time to go back to the neutral position.

i
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It is therefore quite in line to believe, as Professor Jacobus states,

that whether we throw half the load or all the load off, tlie gov-

ernor will take the same time to adjust ; again, if we alter the

sensitiveness of the governor by altering the adjustment of the

spring, it will make no difference in the strength of the spring,

and therefore the same thing will follow.

Coming now to the action of centrifugal force upon the spring

in the governor, to which Professor Lanza referred, there is such

an action, but it has not much effect, as I believe, on the result.

A spiral spring in a fly-wheel is usually in the plane of the

wheel, i.e., at right angles to the shaft, and generally does not lie

in a radius of the wheel. It will therefore be acted on by cen-

trifugal force in two ways: First, it will be bowed outward from

the centre of the wheel as if it were (or, as it really is) a beam
supported by its two ends. Second, it will have its pitch altered,

so that the pitch will be greatest at that point where a perpen-

dicular from the centre of the wheel falls upon the axis of the

spring, and so that the pitch will decrease as we recede from that

point.

Xow, as to the effect of bending, it is easily seen that by chang-

ing somewhat the position of the fixed end of the spring we can

allow for the bending, and so make the movable end meet the

piece to which it is attached at the angle desired. This adjust-

ment may be disturbed, but onlj'- slightly, by the spring assuming

different lengths as the governor changes position.

As to the effect of the change of pitch, we may say, in general,

that the application of a force or forces in the same direction as the

spring, and to any point or points thereof, simply changes the

pitch without altering the strength (number of pounds required to

change length of spring a certain amount). Now, as the action

of the governor depends on the strength of the spring, its action

will not be affected by the change of pitch, although this, as well

as the bending, may need to be allowed for in adjusting it for the

proper speed.

There is one other point that Mr. Ball spoke of. First of all,

however, I must object strongly to the improper use of the Avord
" weight " in this discussion. It is not weight that we put in a

fly-wheel governor ; it is Tnass. We do not want the weio-ht

there, and, for the reason that gravity puts the weight there in

spite of us, we have to balance it out. So we ought to speak of

ma88. Mr. Ball suggested that in governors using two masses on
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each side of the centre, we might find some one mass to take the

place of the two. That is not necessarily the case, for the reason

that a mass cannot be put all strictly at one point, and conse-

quently, if we have a mass attached to an arm, the arm and mass

constitute together an extended mass of a certain shape, and two

masses attached to the same pivoted piece constitute with that

piece nothing more than a single mass of a certain shape. In

other words, any mass that we use cannot be condensed into a

point, but must be extended over a certain space and have a

shape, and it is simply a question of what shape is the best. In

calculating the centrifugal moment in a governor, this shape must

be taken into account if the calculation is to be correct ; in fact,

in some governors, as the Gruson and Buss governors, the shape

(or, otherwise stated, the fact of there being two masses) is the

important element on which these governors depend for their

peculiar actions.

Professor Lanza.—I will say that I do not think Professor

"Webb's reply has answered m}' question at all. Certainly when
the springs bend in consequence of centrifugal force, some effect

will be produced on the action of the governor, and I asked

Mr. Mansfield whether he had taken account of this effect either

by calculation or experiment.

Professor Webb.—The lengthening of the spring will not alter

the strength of it. It will not alter the time of the vibration.

Mr. F. M. Rites.—In general, and making all allowances for

approximation, the criticisms of Professor Jacobus on inertia gov-

erning are correct, except that he has not gone far enough.

Under the best conditions of governor adjustment, the whole

power of the engines is not utilized for acceleration until adjust-

ment is complete ; but, instead of that, only an average of the dif-

ference of the extremes of load and the time required to produce

the required deflection by inertia alone would be roughly double

what he has allowed.

It can easily be appreciated that an inertia weight may act as

a brake and obstruction to the governor, and instead of being an

active element in the adjustment, consume a great part of the

centrifugal force and delay final adjustment. In such a case, a

multiplication of inertia force only increases the evil, and intro-

duces a new objectionable result; for after adjustment is com-

plete, the entire governor system has acquired its maximum
velocity relative to the carrier, so that the cut-off continues vary-
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ing far beyond the requirements, and long after acceleration has

ceased to be a moving force and becomes a negative one.

Improveti i-esults with such an inertia Aveight proves not that

it was desirable so much as a redesign of the governor proper.

Under test the inertia force is deceptive ; for, while permitting

closer regulation, it frequently, as has been pointed out, delays

action by becoming unex])ectedly negative.

These remarks, however, do not apply to inertia governors so

called because of the addition of inertia force to that of centrifu-

gal in the flying weights. In such a combination the governor

is always steadier, permits closer and quicker regulation, and in

every respect is better for the union of forces.

It must not be assumed, however, that centrifugal weights are

necessarily evils, but it is .i fact that the writer knows of no appli-

cation of the inertia weight where the action could not be im-

proved by an omission of the weight coupled with an intelligent

redesign of the governor proper.

It is believed, however, that there is much to be discovered in

shaft governor forces, and it is the intention of the writer to

present to the Society at the first opportunity new facts and

forces of great interest to engine builders.

Mr. Manfifield.—I am asked what I would consider an appre-

ciable change in velocity. It is common in specifications for

engines for electrical purposes to insert a clause requiring that

the extreme variation of speed be not greater than two per cent.

You all know tliat there is a great variety of designs of shaft

governors, so much so that it has seemed, from what little ex-

perience I have had, that it is hard to make a shaft governor that

may not be adjusted to hold an engine within two per cent, varia-

tion. The question might be asked. What is meant by a two per

cent, variation ? Is an instantaneous variation referred to, or a

variation determined by counting the number of revolutions per

minute ? I believe if the number of revolutions by any "means is

counted, per minute, or per half minute, or per quarter minute,

the variation may be practically imperceptible ; that is, if the shaft

governor is as well designed as may be, the only variations are

practically instantaneous. I believe that reliable experiment has

shown that they may be designed, especially when dash-pots are

added to them, so that the variation may be in the unusual direction

of increasing speed with increasing load. Therefore, we may
adjust short of that point.
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Mr. John A. Brashear.—I would like to offer this Society, if

the Society does not have it in its possession, tlie scientific memoir
of Leon Foucault, who made a most exhaustive study upon gov-

ernors and their action, in his work whicli was largely devoted

to the study of optical surfaces. The work was publisiied by his

wife, and I have an extra cop}-. I do not know that there is any

particular virtue on my part in presenting it, but if Professor

Hutton hasn't it in the library I should be glad to give it to the

Society.

Professor Hutton.—It is not there, sir.

Mr. Brashear.—It is magnificently illustrated—a quarto of

some 700 pages.

The President.—The book will be a very acceptable addition

to the library.
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NOTES OX THE CORROSION OF A CAST STEEL
PROPELLER BLADE.

BT FRANK B. KINO, BPJLRROW's POINT, MD.

(Member of the Society.)

It has been suggested that a note on the corrosion of the pro-

peller of the steamer Alabama may be of interest to the Society,

or may elicit information in the possession of others upon the

curious phenomenon of propeller corrosion.

The Alabama is a fast passenger steamer plying in the waters

of the Chesapeake Bay. The propeller in question was 12 feet 9

inches diameter and 19 feet pitch, and had four cast steel blades

mounted on a cast-iron boss. The normal revolutions are about

98 to 100, making the speed of tips about 4,000 feet per minute.

The corrosion was peculiar in its rapidity and its distribution.

Instead of being confined, as usual, to the back of the blade, well

out toward the tip and leading edge, it covered about two-thirds

of the back of the blade ; in fact, only a small area toward the

centre and along the following edge escaped. The working face

was in good condition. Such was the rapidity of this corrosion

that, after running four months, it was found advisable to renew
the blades in cast-iron.

An analysis of the drillings taken from the four blades and
one spare blade exhibited the following characteristics

:

Carbon. Silicon. Phosphorus. Manganese. Sulphur.

1

2
.3

4
5

0.3.5

0.31
0..35

0.35
0.46

30
0.22
0.25
0.34
0..30

0.038
0.034
0.032
0.030
0.030

0.58
0.51
0.55
0.57
0.65

0.046
0.042
0.046
0.040
0.034

* Presented at the Montreal meeting (.Tune, 1894) of the American Society

of Mechanical Engineers, and forming part of Volume XV. of the Transactions.
61
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DISCUSSION.

Mr. H. B. Roelker.—I found just that condition in the earlier

steel blades imported from England (Naylor Yickers & Co., Shef-

field) about the year 1872-3. They corroded awa}?^ so quickly in

salt water that the engineers said " they melted like sugar."

The importation was then abandoned, and it was quite a long

time before steel blades were made here which were sufficiently

satisfactory to induce a regular business. The corrosion was
alwa3^s first and greatest on the back of the blades near the outer

front end, but I have also seen considerable of it appear on the

working surface, and I have seen holes five to seven inches diam-

eter eaten through the blades in less than six months. I do not

know the composition of the steel.

Mr. Gustavus C. Henniny.—I think that corrosion of propellers

in salt water (and very much more rapid in brackisli water) is due

to the air, which follows in the apparent vacuum back of the blade,

which is abstracted out of the water surrounding that vacuum.

The position of the corrosion depends on the precise shape of the

leading edge of the blade and the outer edge and hub. If that is

in such a position as to keep the vacuum right back of the blade

following in toward the liub, the corrosion will be great. If the

water is thrown around in a rapid eddy the corrosion will occur

near the outside edge. I think it is due solely to the exhausting

of air out of the water into the appnrent vacuum back of the pro-

peller. I think that the fii'st propeller blades cori'oded so rapidly

that they did not know what composition to use to prevent corro-

sion. We know that a pure steel corrodes rapidly. They fur-

nished a steel that was too pure, and it corroded rapidly. Now
the steel used in propeller blades answers well ; it does not corrode

as rapidly as it did with the superior materials that were used

originally.

Professor Tlutton.—What are the elements of impurity that

diminish the liability to corrosion?

Mr. Ilenning.—I cannot say olf-hand, because it is a combina-

tion of things. It depends on the metallurgical process as well as

the composition. I will try to find it, and put it on record in con-

nection with the discussion.

The President.—We had a similar case where a concern built a
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mine pump for us, unci, being ultra-conscientious, they put into it

the siiuie iron they were putting into machine tools. The result

was that when the mine water got hold of it, it made very short

work of it. anil then we put in the hardest kind of iron we could.

Mr. Henning.—As a rule, the higher the carbon the less the

corrosion.

The President.—In this case it would seem that the open pores

allowed the water to get in, and the iron was very much more

attacked.

Jfr. Ilenning.—That is just as it should be, because in the gray

iron the carbon is partly free, not in chemical combination, while

in the white iron the carbon is absorbed in the metal ; and the

gray iron has pores which will allow the Avater to get in

there, and hence the gray should corrode faster than the w4iite

iron.

The President.—The result was that all the parts that were

exposed to water we rebuilt ourselves out of what we supposed to

be very inferior material, but they are running yet.

3fr. J. J. Flather.—It suggests itself to me that the remarks of

Mr. Ilenning last night in regard to the corrosion of bolts having

different voltaic compositions would, in part, perhaps, account for

this corrosion. The earlier propeller blades may have been less

homogeneous than those of to-day. It is well known, I believe,

and we saw the fact in the experiments reported b}'' Mr. Ilenning

last night, that there is a galvanic action set up between the dif-

ferent particles in the same iron, and it may be that the acid of

the sea-water set up a galvanic action between the electro-positive

and the electro-negative particles of steel in the same plate, and

that this corrosion was due to that galvanic action. Did I under-

stand Mr. Henning to say just now that the action of the air

on the back part of the plate would make a greater corrosion

there ?

Mr. G. C. Ilenning.—Yes, sir. If you have no air the corrosion

will not occur so rapidly ; if you partly immerse, or immerse and

remove from the liquid which contains salt or acid, corrosion will

be rapid. If you keep it in pure water without any air the cor-

rosion would be very slow. The galvanic effect, with the air,

would cause rapid corrosion on the back of the blade, but without

the air there the whole blade w^ould corrode on account of the

galvanic action.

Mr. Flathe^'.—The British Admiralty experiments showed the
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same thing, and they now require that zinc be connected by inti-

mate contact with the plates on all marine boilers to prevent the

corrosion which would otherwise take place.

Mr. H. B. Itoelker.—I think I never saw any difference in the

corrosion of propellers, whether working at or a little above the

surface of the water, or far below. The propellers which work

the quickest and hardest show the greatest corrosion every time.
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TUE RELATION OF THE DRAWING OFFICE TO
THE SHOP IN MANUFACTURING.

BY A. W. ROBINSON, SOUTH MILWAUKEE, WIS.

(Member of the Society.)

The purpose of this paper is to describe the system employed

by the writer in the drawing office of his company in the hope

that some of the points may be of use to members of the

Society.

The drawing office is the origin of thought and action for the

entire works as far as the design and construction of its product

are concerned. It is responsible for the accuracy of its draw-

ings and orders, and its authority should be unquestioned and

above reproach in the shop. The shopmen should habitually

trust and adhere to their drawings, and their faith should not

prove to be misplaced. To maintain this there must be unceas-

ing care and vigilance on the part of the office, and full adapta-

tion to the shop needs and capabilities. It goes without saying

that every drawing office, whether employing one draftsman

or a hundred, should have its system and methods adapted to

the needs of the establishment with which it is connected. As
these needs vary with each case, it is not to be supposed that

the system about to be described will be of universal applica-

tion. It will ba well then to state in a general way the condi-

tions which this system is intended to meet. We will assume,

therefore, that the office employs from ten to fifteen skilled

draftsmen, and is in connection with a manufacturing estab-

lishment, doing a general engineering business in Mdiich there is

comparatively little duplication of orders, and in which single

orders frequently involve a large amount of detail, of which it is

essential to keep exact records. It is also assumed that the

drawing office is invested with the sole right and authority to

•Presented at the Montreal meeting, (June, 1894) of the American Society of

Mechanical Engineers, and forming part of Volume XV, of the Transactions.
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issue orders to tlie shop for all new work, or all work in wliich

there are changes arnd variations from previous similar work.

The practice of issuing verbal orders or directions for the

conduct of work is productive of misunderstanding and confu-

sion. When no evidence of authority exists no responsibility

can be fixed. It is therefore advisable to have a system of

written orders to all departments whereby the duty of those

concerned is clearly defined, and the responsibility can be fixed

for dereliction of duty.

Shop OPtDERS.—An order being once entered on the books

of the company, the procedure is as follows : The business ofiice

issues a written order to both the drawing office and the shop

upon a blank which merely states the general name of the

machine, the time of delivery promised, and the number of

specifications to be worked to if any, and the number by which

the order is to be known. It is the duty of the drawing office

to prepare such specifications beforehand when necessary. On
the receipt of these orders in the shop, if it be a repair or

duplicate of something already made, so that the shop sujierin-

tendent has the information by which to execute it, he does so.

If, however, it is new, or in any sense special work, he cannot

proceed until the orders come down from the drawing office.

The drawing office issues orders upon the pattern shop and

foundry by means of blanks headed " foundry " or " pattern

shop," as the case may be, arranged thus :

B. S. S. & D. CO. ENGINEERING DEPARTMENT.

FOUNDRY ORDER.

ORDER NO. DATE.

18»

DRAFTSMAN.

Countersigned by E.\!iniiiiccl l)y
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These are manifolded in triplicate, and can be made oiit by any

draftsman to whom the job is delegated, but must be signed by

the chief engineer, or, in his absence, the chief draftsman. The

two copies are then sent down to the shop superintendent's

office, who keeps one on file for his own reference and informa-

tion, and immediately sends the other to the foreman of the

department for wliich it is intended. In this way the shop

superintendent retains control of his men in the different

departments, and has knowledge of the orders that are issued.

He alone is responsible for their proper execution, and undue

interference of the draftsman with the foremen or workmen is

obviated.

It is also the duty of the drawing office to order all raw

material for new and special work, that is not regularly kept in

stock. This is done b}- blank as follows :

B. S. S. & D. CO. ENGINEERING DEPARTMENT.

DATE.

189

Please order the following

for Order Xo.

Ship

Draftsman Countersigned,

Chief Engineer.

These are simply requisitions on the business office, and the

copy goes to the storekeeper as a statement that the articles

noted have been this day ordered. He will therefore be expect-

ing them, and on their receipt will at once know for what order

they are intended. His copy of the manifold reads " The fol-

lowing material has this day been ordered for order No. —

.

Written orders are not issued from the drawing office to any
other departments, except the pattern shop and foundry. Draw-
ings and sketch sheets are issued to the other departments, as
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macliine, smith, and erecting shops, etc. These pass through
the hands of the shop superintendent, and in themselves consti-

tute an order to make what they represent or call for, provided

they are covered by the original general order from the busi-

ness office and bear the same order number.

By means of these written orders to each department, each

foreman knows definitely what work he has on hand, and all

responsibility for errors or delinquencies is at once traceable to

the culprit.

The shop superintendent is also empowered to issue written

orders to his foremen in all departments, for all work which

does not require information from or the authority of tlie draw-

ing office. For these he uses his own blanks—those of the

drawing office being labelled " Engineering Department."

It frequently happens that on large orders involving much
detail, it is desirable to push the construction of parts as fast as

they are determined upon before the completion of the general

design. In these days of urgency and high pressure this is

almost a necessary evil, but should be pursued with caution m
the drawing office, lest difficulty be found in fitting the later part

of the design to the earlier. Under this system of written orders

the parts can be ordered in as fast as they are ready, even though

the shop superintendent is as yet uninformed as to the balance

of it, and does not know of what the comj^lete order is to

consist.

When the drawing office work on the order is completed an

order list is made out and typewritten in duplicate. The order

list enumerates in detail all the items making up the complete

order, and is divided up into headings such as (1) castings, (2)

forgiugs, (3) miscellaneous, (4) special material ordered outside,

and so on. For each item is given a reference number of the

drawing or sket-h sheet on which it is shown, and it is or should

be shown thereon so fully and definitely that no further ques-

tions need he asked. This order list is essential : 1st, to inform

the shop definitely of what the work consists ; 2d, to refer the

shop to a source of information concerning each and every item
;

3rd, to form a shipping list so that in shipment notiiing will bo

overlooked that should be sent ; 4th, to forma permanent record

by Avhich repairs may be readily identified, and from whicli

future machines may be compiled or aihipted. Those order lists

are press copied in a book for the purpose.

i
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DiiAWiNGS.—The primary function of a shop drawing is to

answer the shopman's questions, and indeed it may be said that

this is its only function. There are certain things connected

with the material, form, dimensions, finishing, fitting and erect-

ing of a machine and each part of it that each department needs

to know. Sometimes in simple cases the various processes of

pattern-making, finishing and erecting can be defined on one

drawing, and in other cases separate drawings containing sepa-

rate information for the different processes are demanded. It

is important to have all the necessary information conveyed on

a drawing in a direct and legible manner, and that the views be

so chosen as to represent the object in the simplest way. Let

the draftsman, on beginning to make a shop drawing, say to him-

self, " Now what does the fellow who is to make this want to

know ? " and then let him put down just that information and no

more, but be sure and get it all on. Eefrain from all superfluous

lines and marks, and make the drawings so plain that " he who
runs may read them."

The mere ability to make lines and circles and projections is

really the least important and least valuable part of a draftsman's

skill. Neatness and accuracy of drawing is desirable, but if it

is obtained with the expenditure of an undue amount of time,

and does not carry with it a practical knowledge of shop needs

and shop processes, it ceases to be a virtue.

The following set of rules for the drawing ofl&ce have been

found to be useful and to work well. They contain some points

that a good draftsman ought to know, but they are incorporated

as reminders, and as being necessary to preserve uniformity of

practice among changing draftsmen,

DRAWING OmCE RULES.

Shop Draiuings.

1. All drawings shall be of the uniform size of 23" x 36".

2. All detail drawings for use in the shop shall consist of

whole standard sheets, half standard sheets and sketch sheets.

Half-sheets shall be 18" x 23", formed by ruling a line across

the centre of standard size sheets as filed, the blue prints only

to be cut, and mounted and varnished, when necessary.

3. The sketch sheets shall be 8" x 11", and shall be used for
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all simple details, forgings, for bolt lists, and for all temporary

Avork capable of being shown in this way. All standard ma-
chines shall be fully drawn out and blue printed. The sketch

sheets shall be made with indelible pencil or copying ink and

press copied in the book for the purpose. The information on

the sketch sheets shall be as complete as that specified for

drawings.

Character of Shop Drawings.

4. A shop drawing is to be considered as an order or instruc-

tions to the shop, and not merely as a statement or illustration.

For this purpose it must convey clearly all the information

needed to make and finish the article.

5. Every dimension necessary to the execution of the Avork is

to be clearly stated by figures on the drawing, so that no

measurement need be taken in the shop by scale. All measure-

ments to b3 given with reference to the base or starting-point

from which the work should be laid out. In comparatively

simple constructions the several parts are to be shown together

complete, although each part must be figured independently,

and details supplied, if necessary, by sketch sheet. In more

complicated forms each part should be detailed by itself and

a general drawing made showing the thing complete. No
details should be sent out without putting them together on

a drawing, or taking them from a general drawing, so as to

insure their fitness. Unnecessary duplication of views to be

avoided, except in display or advertising drawings.

6. All figured dimensions on drawings to be plain, round ver-

tical figures, not less than l inch high, and formed by a line of

uniform width and sufficiently heavy to insure printing well.

No thin, sloping, or doubtful figures or diagonal-barred frac-

tions will be tolerated. All figured dimensions below 3 feet to

be expressed in inches.

7. All centre lines to be alternate dot and dash in fine black

line. All dimension lines to be in continuous red lines, with a

central space for the figure, and of such strength as to show on

blue print more faintly than linos of drawing. Lines of draw-

ing to be bold and clearly defined in proportion to the scale,

and to be shade-lined by making the right-hand and bottom

lines heavier. No ornamental shading or other ** frills" allowed

on shop drawings.

J
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Title.

8. Every drawing, whether whole or half-sheet, shall have the

title, date, scale, and number of the sheet placed in lower riglit-

haud corner. One man will be detailed for this duty, to secure

uniformity.

9. The name of the drawing, as given in the title, is invariably

to consist of two divisions in one line separated by a hyphen.

The first division is to state the general name of the thing or

machine, and the second division is to clearly designate the part

or parts represented (or if a general view, should so state).

The wording of the titles should be submitted to the chief

engineer or head-draftsman for approval.

Drawing Symbols.

10. Detail shop drawings should state :

(1) The pattern number of every casting, in plain figures of

larger size than the dimension figures.

('2) The number of each piece required for one set. This

should be written in one word (not figures) and followed by

symbol of material.

(3) The material of which the parts so ordered are made,

using symbols as follows :

C. I. — Cast Iron. Bs. — Brass,

W. I. — Wrought Iron. Bz. — Bronze.

C. S. — Cast Steel. Bbt. — Babbitt.

M. S. — Machinery St'-el. V. F. — Vulcanized Fibre.

H. S. — Hammered Steel. C. R. S. — Cold Rolled Steel.

Other materials write full name.

(4l The kind of finish on each of the difierent parts will be

indicated by a letter preceding the figured dimensions, as

follows

:

F.—Means ' Finish," and indicates that the surfaces to which
it applies are to bs machined or dressed in suitable manner
to size stated.

F. B.—Means '• Finished Bright," or polished.

G. F.—Means "Grinding Finish," and indicates that the

only finish to be allowed is that necessary for grinding.

When no letter precedes the figured dimension it is under-
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stood that the part is to be left black or rough. In cases where

finish might be presumed but not required, follow the figured

dimension by the word " Cast" if a casting, and " Eougli " if a

forging.

(5) A reference list of sketch sheets that may be used for

detail illustrations.

Sketch Boohs.

11. Each draftsman will be supplied with a sketch-book by
the company, and in which he shall make all his notes, calcula-

tions and data referring to his work, and under no circumstances

shall original work be done on loose sheets and transcribed

into these books. No effort should be made at neatness or

nicety in these books, but each entry should invariably be com-

menced with the name of the thing and the date, and full notes

made of data on which the calculations were based, and the

results obtained clearly stated. These books are to be the

property of the company.

Index for Drawings.

12. An index book for drawings will bs kept in the drawing

office by the clerk. This book will be divided into as many
divisions as there are drawers, with provision for indexing 100

drawings in each drawer. The names of the drawings will be

added to the various divisions according to their classification.

The system of numbering shall be as follows :

13. Each drawer shall be numbered consecutively, and shall

contain drawings devoted to a certain class of work, which shall

be indicated on the drawer label. The drawing number shall

consist of two or more digits with a decimal jDoint between

them. The whole number shall indicate the number of the

drawer, and the figures after the decimal point shall indicate the

serial number of the drawing in that drawer. For example :

Drawing No. 5.16 is the 16th sheet in Drawer No. 5, and Draw-

ing No. 75.96 is the 96th sheet in Drawer No. 75. Not more

than ninety-nine drawings shall be put in one drawer, except in

exceptional cases.

14. Sketch sheets will bear the number of the letter and page

of tlie letter book, preceded by the letter S, to distinguish them

from drawings, and will be indexed in their own impression
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book, but not in the drawing index book. They will be referred

to on general drawing of which they are details, and will also

bear the number of such drawing.

15. "When making a new drawing the draftsman will apply to

the clerk for a number, and will be allotted the first unappropri-

ated number in the division to which the drawing will belong.

I'j. On completion of every drawing or sketch sheet it must

be examined and initialed by the engineer before being issued,

and the following entries made in books kept for the purpose :

(A) Record of blue prints and sketch sheets issued to shop,

giving date, number, and title.

(B) Drawing index.—Eecord in daybook the number, title,

and sub-title, draftsman and date.

(C) Pattern index.—Eecord in daybook the number, classi-

fication and correct name of patterns, with remarks and date.

Each draftsman will see that these entries are properly

made.

Patterns.

17. All patterns shall be numbered with the number of the

drawing from which they are first made, followed by a letter in-

dicating its serial on that drawing. For example, if four pat-

terns are shown in detail on drawing No. 36.50, the patterns

shall be numbered 36.50A, 36.50B, 36.50C, 36.50D. When ex-

isting patterns are utilized in a new design or machine, their

original number is to be noted on the drawing on which they

are shown in their new employment.

18. Upon receiving formal notice from the pattern shop that

patterns are ready for inspection, the draftsman connected with

the order shall examine same and issue foundry order for the

casting. The date of inspection and name of inspector shall be

entered upon the pattern maker's report at the time of making
such inspection.

The sketch sheets referred to in these rules are 8x11 inches

in size. They are of stifi" cardboard, and the heading is printed

in copying ink. The sketch is made with an aniline copying
pencil, the "Eagle No. 2 " in wood being used. They are press-

copied in books for the purpose, and several books are used for
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different classifications of work. The books are of sliglitly

heavier tissue paper than is commonly used for correspondence,

and have 500 leaves each, numbered consecutively throughout

the series, so that the number of a sketch sheet is never dupli-

cated. In this system there are six books for copying sketch

sheets, representing as many classes of work, and these divis-

ions will readily suggest themselves as required for any par-

ticular case.

The use of these sketch sheets is especially for work which

does not require to be often duplicated, and for giving quick

despatch to emergency work. A free-hand sketch can be made,

copied, and issued in this way in ten minutes, while the regular

process of drawing, tracing, blue printing, and waiting for the

latter to dry, or the sun to shine, may consume hours. They
have the additional advantage of being more convenient to handle

and file away in the shop than blue prints, and they save multi-

plication of tracings and consequent drawer space. The copies

being in book form cannot be lost and are easily indexed and

consulted. Sketch sheets are convenient for rapid' detailing of

forging and small parts, and such parts need, therefore, to be

merely indicated on the general or erecting plan, and reference

numbers given of the sketch sheets. The sketch sheets will

also all appear as items in the order list.

In addition to the stiff card sketch sheet, it is convenient to

have a "Drawing Office Memorandum" blank. This is a copy-

ing-ink heading printed on a sheet of letter paper, and is used

for order lists and all sketch matter sent abroad from the draw-

ing office.

After copying, the sketch sheet, if for permanent use, is sized

with a mucilage, composed of gum tragacanth and water, and

then varnished with white shellac and alcohol. The sizing is to

keep the lines of the sketch from running while varnishing.

Two necessary articles of office furniture are the drawing table

and the blue-print frame. So many excellent forms of these

have been devised that it seems hardly necessary to refer to

them in this connection, but sometime hereafter occasion will

be taken to describe types which have the merit of cheapness

and effectiveness.

It is our practice not to finish original drawings, but to trace

from them on tracing cloth. These tracings are used only to

print from and are filed away in a fire -proof vault. Two prints
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are made of each tracing as soou as finished, one for the shop

{OT more if necessary) and one to file away in the drawers of the

office. These drawers are 24 inches x 38 inches x 2 inches, and

are each calculated to hold a maximum of 100 prints. In this

way the tracings are preserved from risk of fire and loss and from

the wear of frequent handling.

As a rule each draftsman makes his own tracings, and only

skilled draftsmen are employed. The writer does not advocate

the employment of cheap draftsmen to trace shop drawings from

the originals of the designer. If this is done the designer must

finish his original to entire completeness before turning it over

to the tracer, thus consuming additional time and running more

risk of errors and omissions than if he traced it himself. A
skillful draftsman will merely block out his entire work on the

original and give his whole thought to the perfection of his de-

sign. In the tracing he can re-arrange his drawing if necessary,

and the time occupied in tracing is usually much less than that

employed in working out and perfecting the design, and a drafts-

man worth $120 per month, will usually trace twice as fast as one

worth S60, and do it better.

The titles on drawings are mainly done by rubber stamps

giving the name of the company, the number of the drawing,

and having spaces for the insertion of name, date and scale.

Some experimenting was done to find a suitable stamp ink for

tracing cloth. Printers' ink was tried, but it rubs off and does

not dry satisfactorily. A special lithographic ink is used, which
is similar to printers' ink, but with addition of a dryer. It

is applied to the stamp by a composition roller in similar

manner to printers' ink and gives a black impression which
blue-prints well. The number stamp has movable type.

As a rule it pays to employ only high-class labor in the draw-

ing office. A draftsman puts his own impress on his work, his

individuality goes into it, even if closely supervised, and it is

upon the perfection of detail that the success or failure of a new
design mainly depends ; it is important that the draftsman
entrusted with it shall have the necessary skill and ability.

We have appliances for testing the efficiency of almost every

known mechanism, but who can measure the efficiency of a drafts-

man ? "We appreciate the economic value of good steam distri-

bution and the like, but too often is the efficiency of the drafts-

man neglected, and thousands of dollars spent in the construction
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of work which would have yielded much better results if a little

more brains had been used in its design.

In conclusion, the writer would say : Do not have so much

system that it is difficult to work to or burdensome to carry out.

A few simple rules, faithfully adhered to, are better than the

most elaborate system which is loosely or imperfectly carried

out. The object of a system is to define the duties of each man
and to fix the responsibility of dereliction of duty.

DISCUSSION.

Mr. L. S. Randoljpli.—There is one point in which I cannot

altoorether a^ree with Mr. Robinson, and that is with reo-ard to

the size of sheets. I have found smaller sheets so much more use-

ful than the large, especially for detail work, except where the

parts detailed were very large.

I have found a very convenient system was to make the largest

sheet 24 x 30 inches, and divide this up by halving the larger

dimensions; this makes a series as follows: 24 x 3(5 inches, 18 x
24 inches, 12 X 18 inches, 9 x 12 inches, 6x9 inches, 4i x 6

inches. This system is in use in several drawing offices. The
objections to the large sheets are principally the increased cost of

both labor and material. They are more inconvenient to handle

in the shops, and more likely to be torn or broken, this being

paiticularly the case when mounted and varnished. When the

drawing is not very complicated it is really harder to read a large

than a small drawing.

Mr. Robinson's method of sketch sheets is the most promising I

have ever seen, and should, if well handled, do away with one of

the frequent comj)laints against drawing offices—of preventing

rapid execution of work by a cumbersome S3'stem.

Mr. Loiiw S. Wrl(/hi.—This paper is especially interesting to

me, and, I think, would be to many others who have been in an}--

wav connected with or<>'anizinir or manao'ino: a manufacturins:

establishment with a largo drawing office. I wish to say that, in

tiie main, I agree with what Mr. Robinson has said. There are

some <l(>tail<!(l arrang(Mnents, however, with which I cannot agree,

probably owing to the fact that the needs of Mr. Kobinson have

been somewhat different from those with which I have been

connected.

With reference to size and shape of drawings, Mr. Robinson

«



THE RELATION OF THE DRAWING OFFICE TO THE SHOP. 977

advises all shop drawings to be made of one standard size, namel}'',

23 X 30 inches. I feel that there are but few cases where this

could be carried out, and then it would be only where the product

of manufacture was some standard article, where there would be

time to re-draw the details of design to get them within the com-

pass of a single-sized drawing paper. To do this in an establish-

ment where the work was not duplicated would cause unallowa-

ble delays, and would prevent your using the original drawing

of whatever size it might be to send to the shop. In every case,

I should certainly advise adhering to some standard size .for draw-

ings, but not confining it to one particular size of sheet.

With respect to materials ordered for manufacturing the prod-

uct and designs of the drawing office, to my mind it is certainly

wisdom that these orders originate in the drawing office, as they

are more likely to be accurately specified both in quEdity and

quantity. The material can also be ordered at an earlier date

than if time is given for others in the establishment to order it.

In connection with this it would seem to me advisable that all

orders for m^aterial, of no matter what character, pass through

the hands of a man in charge of stores, so that nothing is ordered

which is unnecessary. This will oftentimes use up quantities of

material which would otherwise lie in store for an indefinite time.

AVith respect to sketch-books for the individual draughtsman, I

consider this a great saving of time and money, as no calculations

have to be made a second time if the sketch-books are used

religiousl3\ We use a sketch-book of a similar kind, G x 10

inches, and with about two hundred pages of yellow paper of such

a finish as to allow using pen and ink, the paper cross-ruled in

quarter-inch squares, making it convenient for either writing or

making sketches. These books, as the draughtsman may leave

the employ of the company, revert to the drawing office clerk,

who keeps them in charge for reference, and we have found it to

be a most valuable system.

"With respect to the relation of the drawing office to the pattern

shop, we consider that our pattern shop cannot be too close to our

drawing office ; in fact, we will probably build a new pattern shop

adjoining the drawing office, and bridge across from one to the

other, so that draughtsmen can have easy access to the store

of patterns. This will oftentimes force them to use patterns by
making a slight alteration in them, Avhich otherwise would be

overlooked, occasioning the expense of new patterns. We eon-
62
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sider it essential that the pattern shop be under the direction

of the drawing office, and have our drawing office issue written

orders to the pattern shop for each pattern that is to be made, the

pattern shop reporting when the pattern is completed ; the pat-

tern shop foreman, together with the draughtsman who examines

the pattern, signing the written order certifying to its correctness.

AVith respect to numbering patterns, we have found it most

desirable to number all patterns consecutively, placing raised

letters on the patterns, so that the letters showed clearly on the

casting at all times. Cases frequently come up with castings far

from tiie works where this proves to be invaluable.

Mr. Robinson strongly recommends that the draughtsmen trace

all their own drawino^s, and that none but hioch-class men be

employed. The writer does not agree with him in this, and has

found a cheaper plan to be to employ high-priced leading

draughtsmen to do tlie thinking and make the design, employing

cheaper ;nen or bo3's to trace these designs, holding certain lead-

ing men responsible for the correctness of the work, and doing

this in the following manner : Giving to each of thepleading men
once a year a hundred dollars, provided no errors causing expense

have been made. Each leading man so responsible signs the

drawing examined by himself, and, in the event of errors, the cost

of correction is calcuUited at once by the superintendent in cliarge

of the shops, and recorded on a blank form especially for the pur-

pose. One-iifth of this cost is deducted from the hundred dollars

going to the leading man, and if at the end of the year he does

not earn anything it is very evident a good j)lan would be to get

rid of him.

This regulation has worked admirably, and, we consider, has

saved us many times the amount of money paid in premiums to

the leading men, the moral effect of which is good.

Mr. ITcnry Binsse.—There is one point in the paper which

I tliink is extremely unpractical. He speaks of putting all dimen-

sions under three feet in inclies. So far as my knowledge goes,

the measuring tool of the machinist is a two-foot, not a three-foot

rule. The yard is not used by machine builders. The practice

I'ecommended by the paper would compel the machinist to do

sums in addition and subtraction, and would lead to errors which

might easily be avoided by making the standard of measures

recorded on the drawings compare to the standard carried by the

machinist, which is the 24-inch I'ule.
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Jfr. A. J. S/iaw.—We have in use in our works a pattern num-

bering system which has been found very convenient for our par-

ticuhir business, the building of cranes and hoisting machinery.

All patterns are divided into classes, corresponding to the usual

names, and the chisses are designated by numbers. For instance,

all truck brackets go into class 1, all trolle}' sides into class 2, and

so on throughout the list. There are in all some forty classes, and,

so far, we have not had occasion to make a pattern which could

not readily be referred to some one of them. The patterns in each

class are numbered consecutively from one up.

Each pattern is designated by the class and serial numbers
written together in fractional form, the class number for the

numerator, and the consecutive number in the class for the

denominatoi'. For instance, the twentieth truck bracket will be

Avritten as ^V? ^^^^^ spoken of as " one over twenty."

This system, of course, does not refer the pattern back to the

drawing on which it is shown. That we do not consider neces-

sary, as it is very easily found out from the pattern list.

The particular advantage of this system is, that on account of

all similar patterns being grouped together, a draughtsman by
going to the pattern list can find at once all the patterns of that

particular kind which we have on hand.

In the pattern loft we divide the patterns in just the same way,

all of each class being kept together and, as far as possible,

arranged on the shelves in numerical order. This makes it pos-

sible for any one familiar with the system to go directly to any

pattern wanted. If, for example, a draughtsman wishes to see

what bracket patterns are on hand, he can go to the pattern loft

and find all of the patterns of that kind, which we have grouped

by themselves, instead of having to hunt through a miscellaneous

lot of material, as has been customary where the patterns are

numbered consecutively throughout, or from the machine on which

used, or the drawing on which shown.

"We have found that this system results in a great saving of

time, and also prevents much needless duplication of patterns,

which is likely to obtain under other systems, anc^ some four years'

use has developed no disadv^antages.

M/'. Tkos. W. Capen.—The paper so nearly agrees with my
own practice, that I find little in it to criticise and much to

approve. The points of difi'erence between the author's prac-

tice and my own are these : I have not found it desirable to
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have the draughtsmen write orders, but have employed a special

clerk, who was sufficiently acquainted with drawings to be able

to read them with facility. After the tracings were approved

by the chief of the department, they were turned over to this

clerk, who indexed them, had them blue-printed, and then wrote

his orders on the purchasing agent for outside material, on the

pattern shop for castings, and on the smith shop for forgings.

These orders were all copied in a press-book, and extra copies

also made for the shop superintendent, thus notifying him what

material to look for for the job. The foundry and smith shop

returned these orders with the weights of pieces added, and they

were kept on file to assist in estimating. D.^aughtsmen were not

allowed to inspect patterns, this being made the duty of the fore-

man pattern maker, the writer believing it better to leave this

duty to one man than to many. The writer differs from the

author again in the execution of the drawings, and has found a

great saving in time in omitting all shade lines, and has expe-

rienced no difficulty in having the drawings readily understood

by the various mechanics who work from them. Light dot and

dash black lines are also preferred to red for centre lines.

On the whole the writer regards the paper as a valuable con-

tribution to the literature of the subject, and hopes that it will

bring out much valuable criticism, as there are many drawing-

rooms sorely in need of such a system.

The PreHident.—As it is so close to the time of adjournment,

I shall adjourn the meeting. But I woukl like to add one word,

and that is, I think if most drawing-rooms would spend a few

hours or a few minutes in making a large blue print to be

placed in the business office with these words on it: "Do not

take any orders whicii agree to deliver yesterday things ordered

to-day," there would not be so much confusion in the drafting

department.

Mr. A. W. Robinson.''''—The foregoing discussion brings out

the fact that differences in })ractice must exist to meet different

needs, and it is interesting and instructive to compare them.

The "special clerk" employed by Mr. Capen to read drawings,

order raw material from them, as well as issue oi'ders in detail for

the shop-work, and notify the su[)erintendent of his actions, must

be a man of versatility and skill, whom none but the largest con-

* Author's ('Insure, mifler tl»c Ruloa.
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cerns can atfonl to emplo}-. As a rule this work needs the most

careful ovei*siglit.

Mr. Binsse's objection to thirty-six as the numerical limit for

inches is simply a matter of practice or preference. Some shops

use sixty inches as a limit, and above that the inches certainly

become cumbersome. A man accustomed to measuring does not

neeil to calculate, and everybody knows that thirty inches is two

feet and a half, and it is a simple expression, and takes up

less room on the drawing. Boiler plates are always listed in

inches.

I commend Mr. Shaw's plan of grouping similar patterns in the

pattern storehouse by classes. The}^ need not necessarily be

grouped by class number. For instance, gear patterns of certain

pitches, sprocket wheels for certain chain, sheaves, bearings, and

the like, are all stored in groups fy themselves, as they are liable

to be used in any class of machine.

Mr. Randolph's objection to size of sheet as being too large is

a matter of preference and requirement of business. Much of our

work is so large that it cannot be shown on a small sheet, except

to a microscopic scale. The sketch sheets take the place of the

small sheets described by Mr. Randolph, so that few large sheets

are needed, and they are simply assembling or general views. I

have found it desirable to use the sketch sheets liberally in order

to restrict the number of drawings required, and thus save much
drawer space and general cost of drawing. The size I recommend

as standard (twenty-three by thirty-six) is a stock size of a supe-

rior linen ledger paper which Ave buy by the ream from paper

stock dealers in flat sheets, " true to gauge," at one-tenth the cost

of the various brands sold in rolls by the draftsmen's supply

houses.

It will be seen (with reference to Mr. Wright's discussion) that

although I recommend but one standard size of sheets, and thus

have only one size of drawer to keep them in, I really have three

sizes to issue to the shop, inasmuch as half standard sheets are

used, and the eight by eleven sketch sheets. The half sheets are

never cut in originals or tracings as filed, but only as blue-

prints.
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FIRST STATIONARY STEAM ENGINES IN AMERICA.

BY F. R. BUTTON, NEW YORK CITY.

(Member of the Societ)'.)

A LETTER was recently addressed to the Secretary of the Amer-
ican Society of Mechanical Engineers, asking the following

questions :

" What, when, and where was the first steam engine in America

(not locomotive and not steamboat engine)?
"

Reflection brought out the point that this was a question on

which the Transactions of tliat Society might well contain

information, and that, as far as known, the historical text-books

were silent, or at best indefinite, iipon a matter which has at

least a historic interest, and concerning which much information

might doubtless have been transmitted verbally, and would be

in tlie possession of persons now living. It would obviously be

more difficult to secure this information as time went on.

The locomotive engine in this country has been quite thor-

oughly written' up in the memorials of the Stevens family, in

the papers of Mr. Horatio Allen, and most fully of all in the

exhibits in tho Transportation Building of the Columbian Fair

in Chicago, 18i)3.

The history of navigation by water has again been very thor-

oughly reviewed in the lives of Robert Fulton ; in p'lmphlets

detailing tho early Stevens experiments, and in the History of

the Growth of the Steam Engine by Prof. R. H. Thurston, mem-
ber of this Society. While there is a regrettable silence and

lack of record as to the development of engineering for water

propulsion during tlie period of its most active growth, from the

beginning of the century up to the period of the War of the

Rebellion, yet tho first beginnings are matters of pretty full

record.

James Watt died in 1819. Tho period of his greatest activity

* PrcMcnted at the Montn^al moi-ting (Jnno, 1894) of tho American Society of

Mechanical Engineers, and forming i)art of Volunio XV. of tlie Iransactiona.
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runs from 1774, when the partnership with Boiilton was begun,

up to the first year of the present century, when the two partners

turned the business over to their sous and retired from active

business There coukl not have been any well-known con-

structor of steam engines in the neighborhood of New York

City in 1807, when Fulton prepared his Clermont^ or he would

not have sent to Bo.ilton c'i: Watt, in England, for his cylinder.

In Pennsylvania, Oliver Evans, in 1800 or 1801, built an engine
" six inches diameter of cylinder and eighteen inches of stroke

of piston, which he applied with perfect success to driving a

plaster mill." * Oddly enough, he called this engine the
" Columbian " engine.

It then occurred to the writer to make individual inquiry

among those conversant with such matters, with most interesting

results, which it is the purpose of the remainder of this paper

to record, in the hope that the contributors may be induced in

the discussion of it to give even fuller detail, and that by this

publication other engineers may be induced to take part in

filling up the record and rendering it complete.

Mr. W. F. Durfee writes

:

"In the last year of the eighteenth century there were but

three steam engines in the United States. One of these was
used (probably built as well) by Oliver Evans in Philadelphia

for grinding plaster ; another was an imported engine, built by
Hornblower and brought to America by his sou, and put at work
for draining the Schuyler copper mine in New Jersey. The third

engine is said to have had a locus in New England, but just

where I have never been able to discover."

The first engine referred to above is the same one mentioned

by Prof. Thurston. The second one was for a mine at Belleville,

near Newark, and all that appears to remain of the engine is its

cylinder, which was imported from England iu 1753. The boiler

is said to have been of copper, upright, 8 or 10 feet in height,

and of equal diameter. It will be remembered that this cylinder

was an object of interested inspection on the occasion of a

visit of this Society to shops of Watts-Campbell &, Company,
in Newark, N. J., December, 1886. It was not bored, but

was cast surprisingly round, and used as it came from the

foundry.

* History of the Growth of the Steam Engine. R. H. Thurston, 1886, page 155.
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Mr. Samuel Webber writes :
" I find in looking up my old

memoranda, that the ' second steam engine in Providence, R. I.,

of 24 H.P., was built by Oliver Evans, for the Providence

Bleaching, Dyeing and Calendering Co., in 1814.'

" The next date I have is a steam cotton mill at (Olneyville)

Providence, in 1831, but whether this was the old 'Providence

Steam Mill,' which was one of the first, if not quite the first

one, I am not now sure. Your correspondent must look to some
Rhode Island authority to settle this point. I have also a note

of a steam mill in Fall River in 1831, but cannot say what one

;

their first mills were all ' water-power.' North of Boston the

first one was the ' Bartlett Steam Mill,' of Newburyport, in 1838,

followed by ' James,' in 1843, then came the ' Ocean,' of the

same place, in 1846, and the Portsmouth of same date."

Believing that in a manufacturing centre like NeAv England

the textile industry would be among the first to call for the

steam engine, in pursuance to the letter of Col. Webber, inquiry

was made at the hands of Mr. C. J. H. Woodbury, and from his

letter in "reply the following quotation is made :

" I also wrote to the venerable Thomas J. Hill of Providence,

a man nearly ninety years old, and still in active business in the

manufacture of cotton machinery ; and he gave a reply which

confirmed my impression, but gives many other details. He
says that the first cotton mill run by steam that he knew of

was the Steam Cotton Mill of Providence, R. I., built by Samuel

Slater, Wilkinson, Howe & Tompkins of Pawtucket, and Ben-

jamin and Charles Dyer of Providence, during the years 1828

and 1829, and was started under the supervision of David

Whitman with 4,300 spindles. They made at first sheeting with

number 38 warp and number 45 filling, the Avarp being sea

island cotton costing sixty-eight cents a pound, and the filling

upland cotton costing nineteen cents a pound. The mill

changed ownership on account of dull times in 1829, and

Samuel Slater took it with Trott & Bumstead <fe Fessenden

of Boston, as partners. This mill was not successful at first,

and changed superintendents quite a number of times and

made but little money until 1838."

Mr. Clias. AV. Copoland, in reply to an inquiry, writes a letter

full of most interesting details, from wliicli the following quo-

tations are taken :

" My father built the first engine for power purposes in, I
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think about 1826 or 182^. My father [Daniel Copelandl had

the largest machine shop in Connecticut, and the only one in

that State whioli built steam engines and boilers ; there was a

shop in Bost(ni by a man, I think named Ashcraft, who built

small engines ; I remember that he had an application to build

a 20-H. P. engine, and he declined because it Avas too large for

him. but he would build for him two engines of 10-H. P. each,

to work together.

''When my father took his first engine to build, it Avas for

a blowing engine for a foundry in Hartford, and my father went

to New York to get men to go to Hartford to work on it as

there were no men in Hartford who had any experience in that

class of work. I Avorked on the engine when building, also

when being erected ; I do not know what afterward became

of it.

" About the time of which I am writing, a Mr. James (the

same who put the first locomotive on the Harlem Railroad)

built a small engine for a coffee and spice factory ; it had two

cylinders, in fact a compound engine, only the cylinders had

both the same bore and one cylinder exhausted into the other

;

Mr. James claimed that this tended to economy of fuel^I

differed from him, and I remember we had quite an argu-

ment."

As the history comes up to more modern days, the uncer-

tainty of course diminishes, and history becomes more full

and complete. Mr. Washington Jones, of Philadelphia, con-

sulting authorities under his hand, gives the following refer-

ences :

From an abstract of a lecture delivered at the Franklin Insti-

tute, Nov. 20, 1885, on " Oliver Evans and his inventions," by
Coleman Sellers, Jr. " In 1803, Mr. B. H. Latrobe, in his report

to the American Philosophic Society, describes five or six

engines then at work in the United States, and among others

mentioned a small engine erected by Mr. Oliver Evans. This
was doubtless his first engine, that which he started the year
previous to Mr. Latrobe's report."

Mr. Jones, also quoting from a historical sketch of Oliver

Evans, by Rev. Geo. A. Latimer, adds that " the cost of the
Evans' engine of 1801 was $2,000, and that during the next year
he V)ecame the first regular steam-engine builder in the city of

Philadelphia, at the Mars works, corner Ninth and Vine streets."
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Fig. 295.

Another Evans' enpjine was sent to New Orleans for a steamer,

V)ut " financial difficulties and low water combined to prevent

the completion of tlie sti^iuner, and the entwine was sot at

work driving a sawmill, where, until the mill was destroyed by
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90 H. p. Beam Engine built in 1815 by James Watt, Lancashire, England. Cylinder 31 ina.

Stroke of Piston n ins., IS lievolutious per minute with 8 lbs. Steam I>Tessui«,

Common Jet Condenser and 24 in., Air Pump, Feed Pump worked trom Beau, to Supply Boi-

lers, The Crank, Shaft, and Conneiting l!od are made of Cast Iron.

This Kngine wa& brought tu Savannah and erect«d ut the rice mills of Messrs. McAlpin and
Mi'lnnis It has been WDrking regularly since and was put in good repair by John Roiirke and
Son, Novelty Iron Wotksj Sttvauuah, Ga., August, 1891.

Fiti. ^'y(i.
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fire, it sawed lumber at the rate of 250 feet of boards per

hour." *

Mr. Jones also quotes from a history of Philadelphia by
Scharf aud Westcott, vol. i., page 517: ''Manufactures are

growing rapidly ; of calico printing establishments near Phila-

delphia there were Howson's at Kensington, Stewart's at Ger-

mautown, aud Thornburn's at Darby. The three turning out

200,000 yards in 1808." Mr. Jones adds, " Two at least of the

above-named must have been driven by steam-engines."

Other Evans' designs in Philadelphia were the " Grasshoj)per
"

engine at the Burtis cotton-spinning mill in Philadelphia, whose
design stamps it as being either of Oliver Evans' make or of

Rush (t Muhleuburg, his sons-iu-law, j^artners and successors.

The mill building w.is closed and the engine dismantled about

1866.

Mr. Jones also met a non-condensing engine in the distillery

of Alexander Young's Sons in Philadelphia, which was built by
Hyde <fc Flint, of that city, and had been in constant use for

sixty years. It is of the overhead beam type, steam cylinder, 12

by 36, with a long slide valve.

The general appearance of these Evans' engines is made
apparent from the cut herewith (Fig. 295) reproduced with its

permission from the " Iron Age," Jan. 25, 1894. It was built by

the I. P. Morris Company, of Philadelphia, in 1845, the date upon
the beam being that of the Evans' patent. It remained in con-

stant service in the smith shop of the above company until

1 893, when it was presented to the University of Pennsylvania.

The only repair necessary was the re-boring of the cylinder

from its original 8.^ to 10 inches, and the patch put on the

upright of the parallel motion, which was done by Mr. Jones

himself. The stroke is 18 inches.

A similar inquiry also brought from Professor Sweet the sug-

gestion that at the Brush Electric Light and Power Company of

Savannah, information could be had concerning one of the very

old Boulton & Watt engines which was still running in that

city. Fig. 296 is reproduced from a blue print furnished by
Mr. T. P. Keck, of that company, showing the engine as restored

by Messrs. John Rourke & Son, of Savannah.

The legend on the plate gives full detail.

These records are made public to the members of the Society,

* Tbur-ston, page 158.



988 FIRST STATIONARY STEAM ENGINES IN AMERICA.

and have been compiled both for the sake of what they them-

selves contain, and more especially to elicit either from members

themselves or from those whose interest they can secure, facts

which shall supplement, confirm, or controvert those which this

note has aimed to record.

DISCUSSION.

Afr. W. F. Durfee.—I am in receipt of your very interesting

paper on "The First Stationary Steam Engines in America."

Possibly the mill in Fall River which Mr. Webber states was

driven in 1831 by steam was the American Print "Works. I am
sure these had a steam engine before 1840.

In a paper by the late Fred. Graff, entitled " The History of

the Steam Engine in America," published in the Journal of the

Franklin Institule for October, 1876, from which I quoted

largely in the discussion of Allan Sterling's paper on water-tube

boilers {see Transactions American Society of Meclianical Fngineei'S,

etc., vol. vi., pp. r)88, 589), there is an account of the engine

erected at Centre Square, Philadelphia (where the new Public

Buildings are now), for supplying the city with water. This

engine was put in operation in 1801, and was abandoned in 1815.

Tlie cylinder of this engine was bored in Paterson, N. J. (I

think), and several weeks were required for the work. I will sug-

gest that you print an illustration of this engine, which was one

of the earliest built in America. I have a strong suspicion that

the restoration by Messrs. John Rourke & Son of the Boulton

& Watt engine at Savannah was something more than restoration.

Farey, On the Steam Engine (1827), does not give any represen-

tation of any such valve gear or arrangements of " side pipes
"

and "steam chests" or "condenser" as is shown in the plate.

The eccentric rod is also suspiciously modern. The " beam,"

"connecting rod," "parallel motion," "cylinder," "air" and
" feed " pumps are very likely Watt's, but the " valve gear,"

" steam chests," "side pipes," "eccontric rod," and "condenser"

(that is, its position under tha cylinder) are too exact a repro-

duction of those used on the Sound and the Hudson to have

been made by Watt in 1815. Stuart, in his Am' dofes of the

St('a}ri hlmjine (1829), does not sliow any such perfection in

valve gear. In an article communicated to the Scieniijir. Ameri-

can (March 17, 1891j I give some account of "Avery's rotary
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engine," of which a considerable number were made and sold

by Messrs. Lvudes <fc Sou, of Syracuse, N. Y., iu 1832-35-

The engine described was used to drive the presses of the

Baib'oad Jounial, and its editor, Mr. Minor, speaks in high terms

of its " compactness, the ease with Avhich it is managed by any

person who can tend a fire, the trifling cost of fuel, as well as

the small outlay for the engine
;

" and goes on io say that " its

most important advantage will be found in its perfectly uniform

motion." This engine ran at a velocity of 5,000 revolutions per

minute. I have reason to believe that the early engine whose

locus I could not fix when I wrote you, was actually used in

New York City for driving a saw-mill. Perhaps some of the

old ship-builders could tell you something about it. Trusting

that the foregoing may be of service in the revision of your very

interesting paper, I remain,

Yours truly, W. F. Durfee.

P.S.—The Baldwin Locomotive Works commenced building

stationary engines quite early. I think there is one still in

operation in New Bedford which was built by them in 1836.

Mr. Henry Binsse.—On reading your short paper on the "First
Steam Engine," I applied to Mr. Charles Bradley, of Newark, the

Fig. 297.

great-grandson of Josiah Hornblower, for more detailed infor-

mation. With great courtesy he gave me two pamphlets on the

subject, one entitled Josifxh Hornhloiver and iltc First Steam Engine
in A rnerica, by William Nelson, secretary of the New Jersey His-
torical Society; the other a pamphlet written by a member of

the Hornblower family, describing the various steam engine
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improvements made by them. He also gave an impression of

the Horublower family seal, showing the power-house of the

original engine. No other drawing or picture of the engine

exists. I enclose a copy of a letter by Justice Bradley, who
made a careful examination of the subject, which was also lent

to me by Mr. Bradley. I shall present the pamphlets to our

library, and recommend them to those interested in engineering

history.

There are a few facts in Mr. Nelson's paper which I shall add

to Mr. Justice Bradley's letter.

The engine was ordered in 1748 or 1749, and Benjamin Frank-

lin refers to it in a letter of February, 1750, saying that the cost

of the engine was ,£1,000 sterling. This was evidently the

price of the machinery in England, for, later on, a gentleman

who visited the engine at work records that it had cost, set

up, about £3,000 sterling. It is to be hoped that this note will

not cast a feeling of gloom over the engine-builders present at

the meeting. It is quite clear that they were all born about

one hundred and fifty years too late, and that the earliest were

also the golden years of the steam engine.

A little over four years later the engine was shipped from

London, arriving, after a three months' voyage, in September of

1753. It might be suspected from this delay that the intention

was to make Colonel Schuyler believe that he was about to

receive very full value for his money ; but, although there may
be something in this, it is more likely that it was found very diffi-

cult to secure permission to ship the machine, as England, with

all a mother's tender solicitude, expressly forbade any of her

colonies from playing with machinery of any kind whatever.

No machinery was allowed to be exported. The exception in this

case was probably due to Colonel Schuyler's high position. A
year and a half was s[)ent in erecting the machine, pump, power-

house, and whatever was required to start the engine. The

duty of the engine was about eight hogsheads of water per

minute.

Josiah Hornblower, the first steam or mechanical engineer in

America, became a very prominent man, going to the New
J(;rsey legislature, afterwards to Congress, and filling many

highly respected positions. Ho was the father of Chief-Justice

Hornblower, and his descendants have made their mark in

many lines of life.
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There was another steam engine erected in New York City

in 1774, for a water-works, by Christopher Collis, which you

can add to your engine list.

[Mr. JnsTiCE Bradley's Letteb.]

Washington, September 29, 1875.

David M. Meeker, Esq.

Dear Sir—The steam-engine, of which you possess a relic,

was, as you suppose, the first ever erected on this continent.

It was imported from England in the year 1753, by Col.

John Schuyler, for the purpose of pumping water from his

copper mine, opposite Belleville, near Newark, N. J. The mine

was rich in ore, but had been worked as deep as hand and horse

power could clear it of water. Colonel Schuyler having heard of

the success with which steam-engines (then called fire-engines)

were used in the mines of Cornwall, determined to have one in

his mine. He accordingly requested his London correspondent

to procure an engine, and to send out with it an engineer

capable of putting it up and operating it. This was done in the

year named, and Josiah Hornblower, a young man then in his

twenty-fifth year, was sent out to superintend it. The voyage

was a long and perilous one, and Mr. Hornblower expected to

return as soon as the engine was in successful operation. But
the proprietor induced him to remain, and in the course of a

couple of years he married Miss Kingsland, whose father

owned a large plantation adjoining that of Colonel Schuyler.

The late Chief Justice Hornblower was the youngest of a

large family of children which resulted from this marriage.

Mr. Hornblower's father, whose name was Joseph, had been

engaged in the business of constructing engines in Cornwall

from their first introduction in the mines there, about 1840, and
had been an engineer and engine-builder from the first use of

steam-engines in the arts—about 1 720.

The engines constructed by him and his son were the kind

known as Newcomen engines, or Cornish engines. That brought

to America by Josiah was of this description. Watt had not

then invented his separate condenser, nor the use of high

pressure ; but it is generally conceded that, for pumping pur-

poses, the Cornish engine has still no superior. After 1760 the

Schuyler mine was worked for several years by Mr. Horn-
blower himself. The approach of the war in 1775 caused the
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operations to cease. Work was resumed, however, in 1792, and i

was carried on for ssveral years by successful parties. It

finally caased altogether early in the century, and the old

engine was broken up and the materials disposed of. The
boiler, a large copper cylinder, standing upright, 8 or 10 feet

high, and as much in diameter, with a flat bottom and a dome- .

shaped top, was carried to Pliiladelphia. The relic in your

possession was a portion of the cylinder, and was purchased by

some person in Newark. In 18G4 I met an old man named
John Yan Emberg, then one hundred years old, who had

worked on the engine when in operation, in 1792. He described

it very minutaly, and, I do not doubt, accurately. It is from

his description that I happened to know the kind of engine it

was, although, from the date of its construction and the use to

which it was put, tliere could have been but little doubt on the

subject.

What changes have been Avrought in one hundred and

twenty-two years ! What mighty power has been created on

this continent in that time by the multiplication and improve-

ment of the steam-engines ! We may well look upon this relic

with a sort of superstitious veneration, looking forward as well

as backward, and wonder what another century will bring forth.

Respectfully, your obedient servant,

Joseph P. Bradley.

Mr. 0. C. Woolson.—In the discussion of the first stationary

steam-engine in America, the early history of municipal water-

works occupies a prominent part. The New York Tiin('f<, in an

issue in September, 1874, printed the following, Avhich is quoted

without assuming any authority of the exactness of its state-

ments :

"The first water-works in the United States appear to have

been planned and constructed by Mr. J. C. Christensen, at

Bethlehem, Pa., more than a century ago, namely, in 1762. The
machinery consisted of three single-acting force pumps, four-

inch calibre and eighteen-inch stroke, worked by a triple

crank, and geared to the shaft of an undcrsliot water-wheel

eighteen feet in diameter and two feet clear in the buckets.

The total head of water was two feet. On the water-wheel

shaft was a wallower of thirty-three rounds, gearing into a

spur-wheel of fifty-two cogs, attacliod to the crank. The three
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piston-rods were attachecl each to a frame, or cross-head, work

ing in grooves, to give them a parallel motion with the pump.
The cross-head was of wood, as well as the parts containing

the grooves as guides. The water *was raised by this machinery

to the height of 70 feet, and subsequently to 114. The first ris-

ing main was made of gum wood, as far as it was subject to

great pressure, and the rest was of pitch pine. In 1786 leaden

pipes were substituted ; in 1813 they were changed for iron.

These works Avere in operation as late as 1832."

In the sixth volume of the Transactions of this Society, in

the discussion by Mr. W. F. Durfee on " Shell and Water Tube
Boilers," he makes very full and interesting reference to the old

boilers of the Centre Square Water Works of Philadelphia. It

is interesting to reproduce here the three illustrations given by
Mr. Durfee, on pages 588 and 589 of that volume, in order that,

in connection therewith, there may be presented some additional

facts not included in Mr. Durfee's discussion. These are taken

from a tracing copied from an original, which had the signature

of Mr. Frederick Graff.

"TRACING OF STEAil BOILER IN USE AT CENTRE SQUARE WATER
WORKS, PHILADELPHIA, FROM JULY, 1801, UNTIL AUGUST, 1812.

" The boiler was a wooden box, nine feet square and fourteen

feet long, made of five-inch white pine plank, securely bolted

Fig. 298.

through, and braced with oak scantling on the outside (not

shown in the drawing'.

The first one made had a fire-box of wrought iron, with ver-

63
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tical flue of cast iron. An almost similar boiler was afterward

put in by Frederick Graff at Fairmount Water Works, except

that a cast-iron case was substituted for the wooden one, and

the flue and fire-box were of wrought iron. This latter boiler

Fig. 299.

was in use from about September, 1812, to April, 1822. The
Centre Square engine supplied from the above-mentioned

Fig. 300.

wooden boiler was 3G inches diameter and 72 inches stroke. It

pumped, by experiment, 902,520 ale gallons of water in 24

hours, with 55 bushels of bituminous coal, and raised the water

about 60 feet high.

"FREDEincK Gkaff,
" Civil Kuijiucery
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Jfr. T/tos. J. Borden.—ConHrniing Mf. Durfee's memoranda, the

American Print "Works was built in 1834, and was operated by

steam power chietly. AVliile the Metacomet Mills were driven

partly by steam, they were built in 184:5, and so hardly belong to

the very earliest pei"iod.

The Fall Tiiver Iron ^Vorks Co. built a large plant of rolling

and nail mills in IS-tO-ll, all operated by steam power, except a

trip-hammer and a pair of shears which were driven by a water

wheel. Their old works built in 1821 were operated partly by

Avater power, but I am under the impression that they had some

steam power nearly or quite back to their commencement.

Andrew Hobesoncfe Sons began calico printing here about 1826,

and probably used some steam power, but I do not know posi-

tively about that.

Jfr. W. B. Le Van.—In regard to the first steam engine in

America I would state that a condensing engine was built in this

city by Thomas HoUoway in 1819 for Francis Perot, and did

good work for fifty-three years, and was then in perfect working

order, but was only replaced as the Malting Company of the

above-named party required additional power. It is now^ an

object of curiosity in the courtyard of the malt-house. This

engine was drawn through the streets of Philadelphia in the Con-

stitutional parade held in 1887, w4ien a great deal of interest was

manifested in it.

Mr. F. R. Ilutton.*—I am much oblig'ed to the Gentlemen who
have taken the trouble to sui)plement and confirm the record I

had sought to establish. I hope the closure of this discussion will

not mark the dropping of the subject by the engineers of America

where we have been so busy making histor}-^ for engineering that

there have been few to write it. With the death of an older

generation will be lost much of oral tradition in these matters,

and the loss will never be able to be made good.

In furtherance of Mr. Durfee's inquiry about the restoration of

the Savannah engine, Messrs. John Rourke & Son reply to my
letter as follows

:

Dkar Sir :—Your favor of May 25th to hand, and contents

noted. In reph' will say that the side pipes, valve gear, eccentric

rod, and steam chests, also the location of the condenser below the

cylinder and supporting the same, are all as when the engine was
erected in 1815. The only change has been a new piston and

Author's Closure, under the Rules.
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governor in place of the one shown on the blue print. The steam

pressure has also been raised from 18 to 60 lbs. We have had the

only drawing that was ever made struck off [traced?], and you

have one of the blue prints. We remain

Yours respectfully,

John Rourke & Son.

I have also received from Mr. Thomas H. Walton, engineer for

the Savannah Steam. Rice Mill Co., in which the old engine is

located, a letter under date of June 25, from which I make the

following extract, as tending to render even more complete the

detail of the record concerning this monument. I quote as

follows

:

" Mr. Eourke made no alterations in this engine. He fitted

new brasses to the principal bearings and renewed those of the

links and radius rods of the parallel motion. The steam nozzles

and main valve chests are like those of an engine used to hoist

coal, working at Washington Colliery, Durham, England, with the

exception of a slip joint which is lacking in this engine in this

mill.

" The condenser under the cylinder is the original one. On
account of the unequal expansion of the steam nozzles Avhen

steam is first turned on, with the engine valves closed, the lower

joint between valve chamber and steam way on cylindei' has been

broken. But if care is taken to heat up cylinder as quickly as

possible after the steam is newly formed, this strain, caused by

unequal expansion, is avoided. This proves that this enf^ine was

built before the use of the expansion joint was applied to this

part of the steam-engine.

"The eccentric rod and the cam rocking slial't, as now used,

are the original ones; and this goes to show that this system of

operating valves was known when this engine was built. This

feature struck me forcibly, for I always thought that this valve

gear was first used on American steamboats. It may be important

for investigators to know this much.

"The only imiuirtant change made in this engine is the substi-

tution of a Judson governor tor the old-fashioned one, which

is shown in the drawing marked Fig. 296.

" It is possible that some genius has been tampering with the

main radius rods, because they are now set to bring the links at

i
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one-half stroke iii the center liue of the c^'hnder continued, instead

of tlieir being in line at three-quarter stroke, as thej should be, so

that the upper ends of the Hnks are as much on the inside of said

center line on the top and bottom of the stroke, as they are on the

outside of it when the beam stands horizontally, therefore the

path of the cross-head deviates from center line.

" I cannot think that this mistake was made when the engine

was tirst erected, nor can I accuse Mr. Rourke's men of the blun-

der; perhaps it is of older date than were the repairs he made a

few years ago. No one knew better how to set up parallel

motion than its projector.

'* I am, my dear professor, very truly yours,

"Thos. H. Walton,
" MiniiKj Engineer.

" P. S.—I forgot to state that several years ago the old hemp-

packing piston of this engine was changed and made to pack with

rings and springs. The old follower is on hand. At the same
time, as a matter of course, the cylinder was turned by boring.

The old force pump wore out and was replaced by another of,

tbe same pattern. T. H, W."

In further confirmation of the purity of the design, it may be

added that the historic Watt engines of this period, or before,

preserved in the South Kensington Museum, in London, England,

are also of this same general arrangement, even where the sun-

and-planet motion is shown in place of the crank, and thus mark
the engine as belonging to the period when there was a patent

upon the crank.
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DXCVIII*

RUSTLESS COATINGS FOR IRON AND STEEL.

TINNING AND ENAMELING METALS, LACQUERING, AND OTHER
PRESERVATIVE METHODS.

BY M. P. WOOD, NEW YORK CITY. '

(Member of the Society.)

The protection of iron and steel used in engineering, structural

and art work, from the corrosive action of the atmosphere, as

well as from air charged with the fumes of many industrial and

chemical pursuits, and the fact that the usual coating with paint

proves so ineffectual to guard from rapid decay, even when peri-

odically renewed, has long attracted the attention of inventors

and experimenters, as well as the best efforts of many chemists

and scientists.

The latter, with all the resources of well-equipped laboratories,

have not been much, if any, in advance of the less favored

experimenter who developes his ideas by main strength and

awkwardness, though, the fact or process once brought to light,

the work of the savant is acceptable in proving the rationale of

^the same.
^ Frederic S. Barff, of Kilburn, county of Middlesex, England,

and George and A. S, Bower (father and son), of St. Neets,

county of Huntington, England, were the first to practically

coat wrought iron, steel, and cast iron with a magnetic oxide,

forming at the cost of the metal itself the protective layer, whicli

is usually formed from paint. This is the process known as

the Bower-Barff, that was developed in England about the year

ISTo.f

* Presented at tlie Montreal meeting (.June, 1894) of the Ajnerican Society of

Mechanical Enj^ineers, and forming part of Vol. XV. of tlie Tra»K(U'tioi,s.

f See tiie United States patents—To Frederic S. Unril, No. 182. 14)^, September

12, 1876, Protet-ting iran surfaces. Described in the Official Gazette, Vol. X.,

page 44:5. To George and A. S. Bower, No. 234,524, November IG, 1880, Coaling

iron with oxide. Dcscriijed in the Offieial Omctte, Vol. XVIII., page 1147. No.

270.004, January 2, 1883, Depositing ;netals npon the surface of iron and steel

coated with magnetic oxide. See Official Gazette, Vol. XXIII., page 440. No.

270.005, sumo i)aitie8, same date, for a furnace used in connection with the
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The process, iu brief, consists of placing tbe articles to be

coated in a muffle, lieateil to approximately 1,000" Fahr., and

when they have attained this heut, either by extraneous firing of

the muffle, or by passing producer gas or the products of combus-

tion through the muffle and amidst the articles contained, or by

both methods named, steam superheated to the temperature of

1,000^ Fahr. is then admitted to the muffle, and the formation

of magnetic oxide begins at once. The heat of the muffle decom-

poses the steam, setting hydrogen free, which can be utilized to

assist in maintaining the heat of the muffle ; the oxygen uniting

with the iron to form Fe., O4, or magnetic oxide. The period of

exposure is from five to twenty hours, according to the size of the

articles and depth of coating required, which varies from j^^ to j\
of an inch, and can be continued almost indefinitely, or until all

moderate thicknesses of iron are resolved wholly into oxide. A
very able presentation of the full process was made to this Society

in a paper read by Mr. George W. Maynard, and found in Trans-

actions, American Society Mechanical Engineers, 1884, Vol. IV.

page ool. The color of the magnetic oxide so formed is a dull

blue-black ; the coating is tenacious, though when broken

through by drilling, shearing, or mechanical injury, oxidation of

the injured suiface proceeds more rapidly than in untreated

articles.

The high heat and intermittent character of the process is de-

structive to the retorts or muffles, and the process is necessarily

prohibitory to all articles requiring cutting qualities. Its applica-

tion to fire-arms instead of the customary bluing or browning by

acid was not a success, too much attention being required to prevent

tbe springing or distortion of the barrels, and removing the deposit

formed in the bore, though it has been employed to some extent

in the fittings of fire-arms. Articles distorted in process can be

reheated to a low red or black heat and re-straightened without

process. See also Scientific American Supplement, Vol. VII., Nos. 174 and 175.

" History of the Bower- Barff Proce.ss," Vol. IX., No 213, and Vol. XIL, No. 287.

For cnts and de.<cripiion of llie furnaces employed in tlie process, Vol. XIX
,

No. 478. " Preservation of Iron and Steel by One cf their own Oxides" (the

Bower-Baril procf-s.s practically considered), by B. H. Thwaite, Assoc. M. I. C. E.,

from selected papt-r.s of the Proceedings of the Institute of Civil Engineers, in

which reference is made to a paper by Dr. Percy. F.K.S., Hon. M. I. C. E., " On
the Protection from Atmof-pheric Action which is imparted to Metals by a Coat-

ing of Certain of their Oxides respectively." Journal of the Iron and Steel

Institute, 1877, pp. 456, 460.
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injury to the coating. The process materially weakens the iron or

steel articles coated, not only by the amount of material changed

from a metal to a metallic oxide or metalloid ; but suffers a further

loss of strength, particularly in Avrougbt iron, by the burning out

of the cinder in articles long exposed to the heat, making what

lollers and forgers call " dry iron." A further difficulty appeared

in structural work held in place by rivets ; the heat necessar}^ to

form the oxide caused the loss of set in the rivet. If riveted to-

gether after oxidizing the parts, the rivet had no protection from

corrosion, and Muntz or gun-metal connections became necessar}'.

The coefficient of elasticity between the oxide and the metal from

which it is formed, is so nearly the same, that railway bridge

members and car truck frames are comparatively unaffected by

long periods of service under compression, tension, and vibratory

strains. The process applied to the pipes and iron work exposed

to the action of mine, sulphurous or acidulated and sea water, ap-

pears to give that protection from rapid decay so long desired by

those who " chnrn" those liquids. The data concerning the cost

of application of the process are very unsatisfactory. So much
depends upon the size of the articles, depth of coating, whether

the furnace or muffle is operated continuously or not ; but it must

be an expensive process per pound or square foot on account of

the skilled labor and superintendence required, setting aside the

expense of superheating the steam required to the necessary tem-

perature of 1,000° Fahr.

None of the parties using the process appear to be at all

anxious to recommend the adoption of their steam superheating

device, or to flit their tales of woe about the same. Costs given

range from $5 to $20 per ton of articles treated, but there are

many situations in which the protection given by this process

would bear an addition to these figures. The amount of steam

required if used alone for the oxidizing element and for coatings

of a moderate thickness, is determined to be ; for each pound

avoirdupois gain in weight of iron oxidized to form the magnetic

oxide, 232.9 cubic feet of hydrogen weighing 2 lbs. was set free,

making 3 lbs. of steam or 75 cubic feet at or slightly above atmos-

pheric pressure.

The above is the theoretical amount needed to furnish the oxy-

gen ; in practice from 25 to ?j3fo more was passed through the

superheater and muffle to get results. The deeper the coating the

more steam was required. If 1,000 square feet of surface was



RUSTLESS COATINGS P'OR IRON AND STEEL. 1001

exposed for oxidation only ^'j inch thick, it equalled 625 lbs. of

magnetic oxide, and would require at least 2,500 lbs. or 62,500

cubic feet of steam to be furnished in about six hours, or approxi-

mately 17 H.P. per hour. The patents for the process, if not ex-

pired by limitation or by the non-use requirements of foreign

patent laws, are rendered of small value except in special cases by
more recent improvements in the art by several inventors, one of

which is a matter of record in this Society ; and is of interest

aside from its cheap and effective application by not being

patented, the inventor by publication having given its use to

the public.

The paper No. 180 presented to this Society by Wm. H. "Weight-

man. Transactions A. S. M. E., 1886, Vol. 6, page 351, embraces

a report by Lieut. Col. A. li. Buffington, Ordinance Dept., Na-
tional Armory. Springfield, Mass., to the Chief of Ordnance,

U. S. A , Washington, D. C, fully describing the process, which

is peculiarly applicable to finished surfaces of iron and steel,

notably fire-arms and kindred work ; the process being conducted at

so low a degree of heat as to not affect tempered parts of the arm.

Finished surfaces of cast iron are given a bronze-colored coat-

ing which sustains mechanical injury, such as a blow, without

cracking the coating or affecting its protective power. The
apparatus for armory work consists of a common cast-iron vessel

or open-mouthed pot, deep enough to receive the longest piece to

be treated (a gun-barrel immersed vertically) and large enough in

diameter to contain a dozen or more barrels arranged on a mov-
able rack capable of being raised and lowered into the bath of

melted nitre, which contains a small percentage of peroxide of

manganese. A brick furnace is built around the nitre pot, and a

coal fire maintains the heat of the mixture, which is hot enough
to ignite and maintain combustion in a pinch of sawdust scattered

over the surface, or about 650° Fahr. The articles, polished but

not buiTiished or unduly raised in lustre, are simply immersed
and moved about in the bath for a given time or until the requi-

site color is obtained, which can be ascertained by raising the

articles out of the bath and re-immersing them any number of

times until the color is right; then they are removed, cooled in

the open air to about the temperature of boiling water, then

plunged into hot water to remove the nitre, and then into a sperm
oil bath to complete the process.

The nitre used must be refined, the commercial article not giv-
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ing uniform results. Articles not taking the desired color on the

iirst application, or which bear a streaked or spotted appearance

from some peculiarity in the metal, are corrected upon a second

application. Care must be taken to prevent the introduction into

the bath of water, oil, wood, or any carbon or combustible matter.

The nitre mixture is not explosive, even when poured into the

open fire, but in this case the arising fumes are suffocating and

dangerous. The simple and inexpensive plant, the economy of

time, laboi", and material, the uniformity of product, and the beau-

tiful color mark this process an important advance in the art. I

have been unable to learn of the application of the process to

any large unfinished members of architecture or other structural

bodies, but I see uo reason why it should not be as effective in

these cases as it is in the hundreds of small articles comprising

horse furniture and saddlery fittings, general hardware, and arti-

cles made of malleable iron, wrought iron, and drop forgings,

which are on sale nearly eveiywhere.

The Journal of the Society of Arts has a translation by Mr.

Frederic W. North, of a paper read before the Paris Societe

d'Encouragement, by M. Octave de Rochefort-Lucay, on the new
Bertrand processes for coating with magnetic oxide and enamel-

ling iron and iron carburets, and on a new process of tinning

for cast iron, that are of interest as being possibly more simple

and effective than the Bower-Barff process, and are evidently

based upon a new discovery in chemistry which may be thus

stated. If a thin adhesive film of another metal is formed on a

steel, wrought or cast iron body, and this article be then heated

to 1000^ Fahr. and exposed to a current of oxidizing gas ; the

oxygen penetrates through the film, oxidizes the body metal, and

forms magnetic oxide. The formation of this oxide continues in-

definitely, the thickness increasing according to the period of ex-

posure to the oxidizing current, provided the temperature remains

at about 1000" Fahr. Tiie film of metal deposited in the first

instance disappears in some obscure way, forming oxides which

mingle with the magnetic oxide or volatilize according to the

natiTre of the metal of which they are composed. M. Bertrand's

experiments to find the best metal for depositing the primary

coating, led him to select bronze (a mixture of copper and tin)

which gave perfect satisfaction, and for depositing it upon the

articles to bo coated with oxide, lie uses electricity or wet baths,

and sulpho-phenolic acid.
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The following is the method adopted by M. Bertraud for an

oxidation. The artit-le, cleansed (which is indispensable), is

dipped a few moments in a bath containing a solution of snlpho-

pheuate of copper andtin ; a slight coating of bronze is formed

;

tiie article is immediately washed in cold water and dried with

s.iwdust, then placed in the furnace. Oxide forms, and at the end

of fifteen or thirty minutes (according to the size of the article)

it is sufficiently oxidized, the coating formed varying from j\ to ^

of a millimetre for these exposures; longer periods give thicker

coating to any desired extent.

M. Bertrand uses an electrical current to determine if the coat-

ing is of uniform and sufficient thickness. The wires leading from

the poles of an ordinary galvanic battery are fitted with a bell

arranged to ring when in circuit. If on application of the wires

to the article being coated the bell rings, the current passe?,

showing the oxidation is insufficient; if the bell is silent, the oxide

is of sufficient thickness to insulate the object and to practically

protect it.

PROCESS FOR TINNING CAST IRON.

The coating of cast-iron surfaces with tin is one of the most un-

satisfactory processes connected with the mechanical arts. M.

Bertrand also uses sulpho-phenolic acid to obtain a durable coat-

ing of tin on cast iron. A bath is formed of water and the acid in

which salts of tin is dissolved in the ratio of 1^ of tin salt and 5^

of acid. The article to be tinned, previously cleaned, is dipped

into this mixture, and is at once covered with an adherent coating

of tin, which can be afterwards polished on ordinary buffing wheels

of wire and cloth and a result obtained which is at once cheap and

effective.

PROCE'^S FOR ENAMELLING CAST IRON.

The records of the Patent Office show many formula for com-

]) >sitions, and designs of furnaces used in the process, for enamel-

liug cast iron. But few if any of either the compounds or furnaces

m iterialize on application, generally leaving the party to his own
devices for accomplishing the desired results. There are only two

processes by which a satisfactory enamelled surface can be given

cast iron.

In the first, or hot process, the iron, heated to a bright red, is

powdered by a sieve with a flux powder (the borosilicate of lead),

then heated until the flux fuses, and is then powdered with a more

fusible flnx, forming the glaze of the enamel. This is the only
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direct enamelling process, and is dangerous to the operator, expen-

sive in application, difficult to apply to large articles, nor does it

allow of decorations. The second process consists of coating the •

cast iron with a kind of pottery, by three distinct and successive

operations in the furnace.

In the Bertrand process the article is first coated with the mag-

netic oxide as described above, then brushed over or dipped cold

into the borosilicate of lead, colored with metallic oxides, to Avhich

is added a little pipe-clay to give the bath more body. The article

thus covered is put into the furnace; the enamel adheres and vitri-

fies at the ordinary temperatures used by enamellers. By put-

ting a coating of colored enamel with a brush on the first plain

coat of enamel, it is possible to make any desired decoration,

which may be burned in at one operation. The process is particu-

larly adai)table for out-door vases, statuary, columns, railings, bal-

usters, etc. The results due to the first oxidation with magnetic

oxide are remarkable as much for their color as for the tenacity

of the enamel and its resistance to rough usage. The process is

adapted to articles of any size or shape, is not dangerous to apply,

and is comparatively cheap in application. The back numbers

of the Scieniijic American contain some valuable suggestions and

information upon the above and other processes for the protection

of iron, for which the writer cheerfully renders acknowledgment.

A process of forming a black or magnetic oxide that has a

limited application, but worthy of mention as containing some

possibilities for the future experimenter, is the Maritens Patent

Process, in which the article to bo oxidized is connected to the

anode pole of a galvanic battery and immei'sed in hot water, when

it becomes oxidized. A repetition of the process is necessary to

secure a favorable result. Full information and detail of the pro-

cess is given in a publication by Dr. George Langbein, of Leipzig,

Germany, of which there is a translation with additions, by William

T. Bramet, editor of the Techno- Chemical Receipt Book, Si Liberty

Street, New York. In this process the water is decomposed by

electrolysis, the hydrogen being set free, while the oxygen goes to

the iron to form an oxide coating. This process appears to be

the progenitor of the electric welding process that attracted so

much attention at the Columbian Exposition. In the latter case

the strong current from the dynamo causes so rapid a decomposi-

tion of the water as to surround (he immersed article with an

envelope of hydrogen of so high tension that it prevents the escape
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of the heat generated by the decomposition of the water, and a

rapid rise in temperature to the welding point results; the oxygen

being set free, no oxide forms. The weaker current used in the

Maritens process simply reversed the welding method.

The first stage in the corrosion of iron is the formation of

ferrons oxide, FeO, in which one atom of iron has united with

one atom of oxygen {11.111^ Fe, and 22.222^ O). It is never

found in nature in a free state, on account of the avidity with

which it absorbs oxygen, and it is the active agent in the produc-

tion of yellow ochre, that contaminates the waters in the mining

regions.

The second stage, in which two atoms of iron unite with three

atoms of oxygen to form FegOg, red rust, the chemical equiva-

lents in this case being lOfo iron, 30^ oxygen ; the magnetic or

black oxide of iron, in which three atoms of iron unite with four

atoms of oxygen, form an intermediary product, the chemical

equivalents being

3 (56) = 168, or 72.41^ iron, Fe.

4 (16) = 64, or 27.59^ oxygen, O.

The oxide of iron found adhering to the plates of boilers under

the water is usually the magnetic oxide. This black oxide is also

produced, in some instances, when iron is placed underground in

contact with wet cinders or sand. When this compound is formed

it cannot easily be converted into the red oxide by action of air

and water.

Iron heated to about 230° C. (446° Fahr.) combines directly

with the oxygen of the air and forms a thin film of magnetic

oxide of a yellow color which passes into red, blue, and gray. At

a red heat this coat of oxide becomes thicker—/ojY/e-.sca/p—and

gradually passes at its outer surface into ferric oxide. At a white

heat iron burns freely in the air with the production of magnetic

oxide. At a temperature of 360° C. (680° Fahr.) iron decomposes

watery vapor, forming in closed vessels magnetic oxide and liber-

ating hydi'ogen.

Magnetic oxide is found native on the coast of New Zealand in

the form of a black titaniferons sand, and, although constantly

washed by waves of the sea, its stability is apparently unaffected.

Lavoisier is credited with the discovery of the stable properties

and artificial formation of magnetic oxide, and Mr. Kobert Mallet,

M. I. C. E., also discovered it during one of his experiments.
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Bertliier noticed it also wlien irou was exposed to highly heated

air, and Thirault is said to have produced re304 in 1860 in a

peculiar manner, his process being now employed by gunsmiths

to oxidize their work.

The use of oil and hydro-carbon vapors injected into the cham-

ber or muffle where the articles of iron were under the process of

oxidation by decomposed steam has received considerable atten-

tion from experimenters, and in gener.il with favorable results,

particularly when the articles in the mufflo were rusty when put

in, and it was necessary to change the FesOg into FegOi, the con-

dition being that the steam must be admitted continuously during

the admission of the oil, and that the air must be excluded from

the muffle, the oxygen from this source not being as effective to

produce good results in the formation of the magnetic oxide as

that derived from the steam ; the presence of the hydrogen, no

doubt, contributes to the success of the operation. Badly cor-

roded east-iron water-pipes have been thus treated with success,

the process removing all the rust cones, blisters, etc., and render-

ing the pipe, so far as experiment has thus far determined, as

good as, if not better than, new pipe with the ordinary coal-tar

composition coaling.

THE GE8NER RUST-TROOF PROCESS.

This process for the preservation of iron and steel is of com-

paratively recent introduction, and, like the Bower-Barff process,

forms a coating from the metal itself that it is depended upon to

protect.*

While the Bower-Barff process forms a magnetic oxide coating,

the Gesncr process claims to change the surface of the metal

into a compound of hydrogen, iron and carbon, which is desig-

nated as a double carbide of hydrogen and iron ; analysis of

treated articles showing the presence of hydrogen in quantities

from 1^0 of 1^ and upwards. This coating does not alter the

dimensions of the articles treated, screw threads and nuts running

together as freely after treatment as before; while the Bower-Barff

* United States patents to George W. Gesiier, No. 876,874, January 24, 188S.

AppsiratiiH for oxidizinu; the surfaceH of metals ; described in tlie Official Gazette,

vol. 43, p. Ul No. 379,866, March 20, 1888. Treatment of inetiils; deacribed in

tlie Official Gazette, vol. il, p. 1,268.

See Iron Age, April 3, 1890, for an illustrated article or the process and appara-

tus ; al.-o Ihj Jilnffineering Jouni'il (FoTDcy'B), April, l.sOl, for descrirition of tbe

process.

i
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process, when carried to the poiut of forming a heavy coating

of magnetic oxide, materially increases the size of the parts, and

has to be allowed for in fitting \\p of finished and jointed parts,

such as hinges and loose joints.

A claim made for articles treated by the Gesner process that

they are unaffected in strength appears to have some foundation.

The record of a number of tests made at Philadelphia on an

Olsen testing machine show that the wrought iron samples were

comparatively unaffected in strength by the treatment, while the

steel articles showed a loss in strength of about 5^, and a gain

of o^ in elongation, evidently from the annealing action of the

muffle. Cast-iron pipe treated, shows that the pores of the iron

are filled, and the strength materially increased. Cases reported

show an increase in bursting pressures of over 100;^.

The color of the treated articles is a fine deep blue-black.

Tempered articles, such as springs, bayonets, edge tools, etc., can-

not be treated, but in some cases articles can be hardened and

tempered after treatment. The process does not necessitate the

use of skilled labor ; after being established, ordinary working

men are all that is requisite. The process is adaptable wher-

ever tinning or galvanizing are employed to withstand atmos-

pheric effects, and is materially cheaper than those methods.

Among the adaptations for this process can be named : office rail-

ings, grilles, gates ; wrought, cast and malleable iron pipes and

fittings ; steel and iron shingles, corrugated sheets for roofing,

polished wrought-iron pijje for bedsteads, steam radiators, builders'

and art hardware, architectural iron work of all kinds, gun fittings,

etc. These articles can be treated in small lots for prices from

four and a half to seven cents per pound, and large pieces,

wrought iron pipe in 20 feet lengths in quantities, will not cost

over one cent per pound, including manufacturer's profit. One of

the principal articles thus far treated, is a clock tower on a storage

warehouse on Schermerhorn Street, Brooklyn, the clock dials of

which are of wrought-iron scroll work, 16 feet in diameter. The
surface of the treated articles appears to facilitate the spreading

and adhesion of paint, if any is subsequently required on the

structure.

The articles must be cleaned from scale to secure a good result,

though the removal of oil and grease due to machining processes

is not necessary.

The apparatus and process of treatment is viz.:
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Two ordinary clay gas retorts of any required length from 7 to

20 feet or more, are set side by side with a furnace and grate

below and between them, same as a gas retort setting. Suitable

doors are fitted to one or both ends of the retorts as used for gas

retort work. These retorts are heated to 1,000° or 1,200° Fahr., as

may be determined by the character of the articles to be treated.

The articles are placed in the retorts, and exposed to the heat for

Fig. 301.—Front elevation

Fig. 302.—Section through

DD, Fig. 304.

20 minutes or until they attain approximately the heat of tbe

retort or muffle, when steam at low pressure is admitted to the

inside of the retort through an iron pipe lying on the bottom of

the retort, and called a hydrogen generator, which decomposes

the steam, hydrogen being set free, which fills the retorts, the sur-

plus pressure passing out by a purge pipe sealed in about 1\

inches of water to prevent ingress of air to the retorts.

{
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This steam treatment is kept up for 35 minutes, when a small
quantity of naphtha—a pint or more—is iujected by gravity into

I'ach retort, and allowed to flow for 10 minutes. The hydro-ear-
bon is then cut off, and the steam, which has been allowed to flow

during the whole operation, is continued some 15 minutes longer.

The whole time employed is therefore an hour and 20 minutes
for articles of ordinary size and weight, such as builders' hard-
ware, etc.

Fig. 303.—Sectiou ihrough BB, Fig. 301.

The articles remain in the mufllo sealed from the air until the
heat has fallen to about 800° Fahr., when they can be removed
without danger of scalinji.

Ornamental objects, art hardware, etc., while hot are given
a bath in whale or paraffine oil, to render them even in tone,

prevent finger marks, etc. The process appears to be almost
identical with the Bower-Barff, wdth the exception of the use

64
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of the naphtha, which gives a foundation to the claim for the

formation of a carbide that hastens the process ; the time of

treatment being materially less in the Gesner process than by

the Bower-Baff to get the same thickness of coating. "A num-

ber of plants for the working of this process are in operation in

various parts of the United States. The principal one, the South

Brooklyn Rust-Proof Iron and Steel Works, 176 Sullivan Street,

near Atlantic Basin, Soutli Brooklyn, has a capacity of two tons,

daily output, of small articles like builders' hardware, and sis tons

of pipe up to 7^ feet in length, and can treat articles up to 20 feet

in length. Members of the American Society of Mechanical

Pig. 304.—Section through CC, Fig. 301.

Engineers are welcome at any time to inspect the works and

product, Mr. Geo. W. Gesner, proprietor, being in charge of the

plant. A number of samples of rough surface and polished work

are submitted for inspection.

The London Jihgineer, dated February 9, 1894, has a most excel-

lent article upon the " Rusting of Iron and Steel ;" though it

recommends no remedy or process, it is so valuable a contribution

to the literature upon tlie su\)joct that I cpiote it entire.

" The phenomena of chemical combination appear to bo exceed-

i
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iugly complex. Not so many years ago we were taught that a

mixture of oxygen and hydrogen would combine to form water when
an electric spark was passed through them. The matter appeared

simple, was easily expressed in chemical formulae, and illustrated

by experiment. Now we have learned that it is impossible to

make such a mixture explode when it consists of perfectly pure

and diy gases. "When, however, the slightest trace of moisture is

present the combination takes place at once, thus illustrating the

importance of those ' next to nothings ' which were so ably dis-

cussed by Sir Frederick Bramwell in his address to the British

Association. The oxidation of iron, though a more familiar phe-

nomenon, is at least as complex as that of hj'drogen. In spite of

the proverb, this famiharity has been far from breeding contempt,

as its commercial importance has attracted considerable attention

to the subject, and though there is much to be learned, some few

facts appear to be now established. In the first place, neither

bright iron nor steel will rust in pure water or in pure air. The
presence of carbonic acid or some similar agent seems necessary,

although the final product may be destitute of carbon. Even
when oxygen, moisture, and carbonic acid are all present, rusting

will not take place unless the moisture condenses on the surface

of the metal.

"When rusting does take place under ordinary circumstances,

the first stage appears to be the formation of ferrous carbonate.
" The carbonate is then dissolved in carbonic acid water to

form ferrous bicarbonate, which latter is then decomposed in

presence of air and moisture to form hydrated ferric oxide,

magnetic oxide being formed as an intermediate product.
" This fact, as to the formation of the magnetic oxide, is curious,

as the Bower-Barff process of protecting iron and steel consists

in coating the metal with a firmly adherent layer of this very oxide.
" Every one knows that when a bar of iron has commenced to

rust, the corrosion proceeds apace. A polished bar will resist

oxidation for a comparatively long time, even under somewhat
unfavorable conditions, but once the rust has commenced to form
it does not take long for it to cover the whole bar.

" One reason for this may be the fact that the rust is electro-

positive to the iron, but it is also partly attributed to the final

product, the hydrated ferric oxide, being only formed at the end
of several intermediate stages of the oxidation, and to its hygro-
scopic properties, which favor the absorption of moisture from the
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air. In certain situations other acids besides carbonic may take

part in the corrosion of irou. The metal work in bridges over

railways is particularly exposed to fumes, and some engineers

consider that in such cases no plates less than f-incli in thickness

should be made use of, even in the case of the flooring.

" The whole question of the rusting of iron and steel work has

been discussed in considerable detail by Mr. Thomas Turner,

Assoc. E. S. M , F. I. C, in a paper recently read before the South

Staffordshire Institute of Iron and Steel Works Managers.
" It is now pretty generally acknowledged that, so far as ordinary

exposure to the weather is concerned, iron is less liable to rust

than steel. Unfortunately, however, this capacity for resisting

rust seems to be greater in the common irons than in the best

qualities, and has been attributed to the phosphorus contained

in the former, which seems to have a protective action,

"When iron and steel are used in conjunction there is no

certainty which will be the more liable to rust. The potential

difference of contact between the two is very small, and though

in general wrought iron is found to be electro-positive to steel,

there seem reasons for believing that this may not be so in all

conditions.

" Mr. W. Denny has instanced a case where the steel shell plates

of a vessel remained clean, while the iron stem plate and rudder

forgings were ranch corroded.

" The ballast tanks of ships are particularly exposed to rust.

Bilge water is an exceptionally powerful corroding agent, and

several engineers have suggested the use of iron plating in ships,

in those parts exposed to bilge water, even when the body of the

ship is of steel. In steam boilers it is claimed that there is little

difference in the behavior of the two metals, and certainly steel

boilers, when properly looked after, have proved to have a long

life.

" Plates thoroughly cleaned from scales are less liable to corro-

sion than when used just as they come from the rolls ; and the

Admiralty have accordingly adopted the practice of ])ickling the

plates before being used. In case of pitting, Mr. John found a

particle of black oxide at the bottom of each pit.

" Experiment shows that this black oxide is strongly electro-

positive to the ])latcs.

" Cast-iron seems in general to last better in sea-water than

either wrought-iron or steel. Trautvvino, however, relates that
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the cast-irou cauuous of the Eoyal George and the Eoyal Eclgav,

after an immersiou of 62 and 133 years respectively, had become

quite soft, aud were in some cases like plambago. A very similar

experience was noted witli the cast-irou sluice-gates of the Cale-

donian Canal. Much apparently depends upon the quality of the

iron.

" Trautwine recommends white, close-grained cast-iron, while

Mr. Turner quotes from a British Association Report recommend-

ing gray iron.

" The alloys of iron with nickel, cobalt, aud chromium appear

less Liable to rust than ordinary iron, while the presence of man-

ganese appears to render the iron more sensitive to attack by

corrosion."

Commenting upon the above in its reference to steam boilers, I

think the presence of the scale found in most boilers acts as a

partial preservative, as in general the shells of all types of boilers

show the effects of corrosion more upon their external than in-

ternal surfaces. Boilers using perfectly pure or distilled water

are more liable to pitting than a general corrosion over the whole

surface of the shell and tubes. Why this is so is a mooted ques-

tion. Pure hot water is a strong solvent of nearly all bodies

;

seel aud iron do not escape its action, as the collapse of the

Boston, Mass., hot-water circulating system forcibly shows, and

is fresh in the minds of all engineers. The Heine boilers that

furnished the hot water, under a pi'essure of 450 pounds, for the

system in question, were comparatively unaffected, and other

boilers and pipes under similar conditions have worked for years

without showing the tendency to melt away as did the street

pipes in this case.

The course of the Admiralty in causing all boiler-plates to be

pickled and cleaned from the scale of manufacture, is in the right

direction, and should be extended to all the plates used in the

construction of ships. In fact, for all iron and steel requiring pro-

tection from corrosion other than by the magnetic oxide processes,

and that depend upon paint for their protection, it is an indispen-

sable condition that the scale must be removed in order to secure

the best resuh. When this is done and strictly pui'e red lead is

mixed with pure raw linseed oil that has escaped the manipula-

tions of the whale or menhaden oil merchant, a paint is produced

that will unite so closely to the iron or steel surface as to be only

secondaiy in presei-vative qualities to magnetic oxide in resisting
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atmospheric effects. The writer cites from his experience a num-

ber of wrought iron tie bars that in an outdoor exposure of over

fifty years were as unaffected from rust as though they had been

up only a week. Examination showed that the bars had been

scaled before painting, and had received two coats of pure red

lead and oil paint at the date of their erection, and from their

location in the structure could not have been repainted witliout

removal fi"om their position.

How rapidly rust will form beneath the scale of manufactured

iron, one need but to look at the trusses and iron work of the ele-

vated railways of New York to recognize the importance of this

preHminary step in the protection of the surface. In this case

successive coats of a poor, cheap paint are spread at intervals over

the whole easily accessible parts of the structure ; no efforts being

made either by the engineers or painters to remove the blisters

caused by the corrosion in progress beneath the first coat. How
long this process can continue without seriously weakening the

structure, is a matter of guess-work.

A recent inspection of the elevated railway lines shows that

the structures below Fifty-ninth Street are, in general, corroded

more than above that point, which can be attributed to the greater

quantity of sulphurous gases from the numerous fires in the lower

portion of the city ; also to the influence of other deleterious

gases that gain ready access to it from its less height as com-

pared with the upper portion of the line, as well as the more

confined space in which these gases act, owing to the many street

crossing pans, that, as it were, house in the structure.

What has been the com])osition of the various coats of paint

that have been applied to these structures, the writer is of the

opinion that no one knows; but the shades of Nily green

and other delicate colors that have graced them from the first,

appear to indicate that the ajsthetio effect has been more sought

for than the protective.

At many points on the line the structure is in that condition

that the old coatings must be burned or scraped off, and the iron

surface be well cleaned, in order to insure a continued life to it,

as the a[)plication of a new coat would do but little to ])rotect the

iron from decay, but only serve to cover the stains due to the

corrosion in progress beneath the several coats of paint now in

place.

The potency of iron t)xidc to destroy paint is well illustrated
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on tliese elevated railway lines near the several stations, where

the iron ground off from the brake-shoes, from the frequent stop-

pages of the trains, has settled upon the external surfaces of the

structure, oxidized, and is rapidly destroying the paint in minute

spots, that not only permits the moisture from the air access

to the metallic surfaces, but charges that moisture with a solu-

tion of iron oxide and sulphurous water, both active agents of

corrosion.

The advocates of iron oxide paints as a protective agent against

corrosion, on the theory that the pigment is held to the surface

of the coating b}' the liquid or oil mixed with it, the latter form-

ing: an elastic medium or bond between the metallic surface and

the pigment, canpossibly find here a good example of the folly

of their claim. This extra external coating being a watery solu-

tion, instead of an oil}^ one, carries and deposits the iron oxide

all the same, and is hastening the decay of all material with which

it comes in contact.

A suggestive lesson upon this point is found in the collapse

of an iron and slate roof, covering the retort room of one of the

New York Gas Works, that suddenly gave way without warning,

and played the part of an extinguisher to all beneath. The tie

rods of the trusses proportioned to withstand five times the weight

of roof, with the usual allowances for wind and snow pressures

bad wasted away beneath successive coats of paint and coal tar

applied, until rupture came as a matter of course even under

conditions of a minimum strain.

The material in the old Hammersmith bridge across the

Thames at London was bought by Sir William Arrol to use for

false work at the Forth bridge. The iron after sixty-two years

of service was as good as new. Many of the parts were inaccessi-

ble, and had not been repainted since their erection. Pure white

lead paint was at the bottom of the secret.

The red houses and barns that are so familiar a feature in New
England scenery, have been standing from fifty to over one hun-

dred years exposed to an atmosphere and climate charged with all

the conditions that cause rapid deca}'. These buildings, when
erected, received, in general, two coats of red oxide of lead and
pure boiled linseed oil paint, that has so thoroughly protected

them, that where the paint has in many cases been completely cut

away by the sand blast of the Cape Cod storms, the wood sheet-

ing is in good condition and the nail heads are as perfect as when
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first driven. But the paint was honest ; no red or brown oxide of

iron with a liberal addition of barytes, whiting, pipe clay, ochre,

and other " almost as good as lead" compounds, mixed witli sour sig

and oil so fishy that one could almost detect the fish scales on

the painter's brush, entered into this work.

The Puritans knew nothing about railways, steam-engines,

telegraphy, telephones, the wiles of electricity, or of the

Hawaiian question, and even escaped acquaintance with the A.

S. M. E. ; but they could paint their sheep sheds so thoroughly

that the generations succeeding them have had but little to do

in the form of renewals and repairs.

The Engineering Journal (Forney's), Vol. 65, No. 4, page 163,

April, 1891, has a long and instructive article on " The Preserva-

tion of Iron and Steel Structural Work," by WoodruffJones, A.M.,

that embodies so much useful information upon the subject of

paint and its application to metallic surfaces, that I quote it

almost entire in order to bring the best productive methods of

the day down to a point for comparison :

" The requisites of a good paint for the preservation of iron and

steel are, that it shall adhere firmly to the surface and not chip or

peel off; it must not corrode the iron, else the remedy may only

aggravate the disease. It must form a surface hard enough to

resist frictional influences, yet elastic enough to conform to the

expansion and contraction of the metal by heat and cold. It must

be impervious to, and unaffected by, moisture, atmospheric, and

other influences to which the structure may be exposed. The
paints that have been used for this purpose are principally asphalt

and coal tar paints, consisting of mineral and artificial asphalt or

coal tar, either applied alone or combined with each other, and

more or less with metallic bases, and iron oxide paints and lead

oxide paints, especially red lead, in all of which the pigment

is held to the surface of the metal by combination with linseed

oil. The choice of paints must lie, so far as our present practical

experience goes, between these three classes, zinc oxide being

found to be entirely unsuitable on account of its propensity to

peel off.

" What, then, is found to be the experience in actual use with

these ? Asphalt aud coal tar paints run when exposed to the sun

and other sources of heat, which is a serious matter with vertical

surfaces, and after a time become extremely brittlo and scale off

entirely, leaving the under surface exposed unless the paint is con-
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stantlv renewed. In the mean time the exposed iron and steel

are being corroded by rust.

" Iron oxide paints, including ' metallic brown,' are paints made
from iron ore, or by some chemical process with an iron base.

These are invariably iron in a greater or less degree of oxidation,

or, in other words, rusted iron. Now, it is w^ell known that one of

the most active promoters of rust or decay in iron is the rust itself.

Under the combined influences of the moisture and carbonic acid

of the atmosphere, iron oxide, or iron rust, becomes a carrier of

oxygen from the air to the metal, rust begetting rust ; it is there-

fore evident that this material alone has no preserving effect on

iron ; in fact, it promotes its decay.

" How is it when combined wdtli linseed oil in the form of

paint ? In the economy of nature, iron oxide is a great disin-

fectant. "S^'hen in contact with organic matter and moisture,

even at alow temperature, under favorable conditions, it readily

gives up oxygen, destroying, more or less, the organic matter, and

being reduced itself to a lower oxide.

" When thus reduced, with equal readiness it absorbs oxygen

from the atmosphere and again passes it on, thereby promoting

and eventually insuring the destruction or transformation of the

organic matter with which it may be in contact either in the soil

or elsewhere. The same process appears to take place when
combined with linseed oil in the form of paint and exposed to

atmospheric influences, the oil being the organic matter.

" If linseed oil in drying formed an air and water proof film, it

might be urged that the oxide of iron would be entirely protected

from the direct influences of oxygen of the air and moisture ; such,

however, is not the case. The most eminent authorities have

recently shown that the dried film of linseed oil, unless united

with a pigment that combines chemically and forms a tvater-proof

coating with if, actually absorbs water very much as a sponge.

"Where water will go, air will also go, and we thus have in direct

contact with the iron oxide of the paint, which does not combine
chemically with oil, those elements—air, moisture, and organic

matter—which cause the iron to become a carrier of oxygen and
a destroyer of what it is in contact with.

" It is well known that iron paint darkens with age ; this is

caused largely by the iron oxide losing oxygen, which is partly

transferred to the oil, burning it up, and destroying its tenacity,

as may be seen by examining iron structures painted for some
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time with iron paint or metallic brown, the paint being found ex-

tremely brittle and in feathery scales.

" This is not all the damage done. The iron oxide in the paint

becomes a carrier of oxygen to the metal it was designed to pro-

tect, and the process of corrosion is commenced and carried on

under the paint, which eventually peels off", the surface of the

metal being found more or less oxidized and corroded.

" Asphalt and iron oxide being thus shown to be entirely inca-

pable of preserving iron, it remains for us to consider the effect of

red lead. This pigment has the property of forming with linseed

oil a hard elastic coating clingiDg with great tenacity to the

metal.

" It has no oxidizing effect on iron other than to promote the

formation of magnetic or black oxide that prevents corrosion, and

does not act as a carrier of oxygen from the atmosphere after the

paint has set, neither does it render the oil brittle nor promote

rust. When red lead fails, it is principally by gradual weor or

friction from the outside. It does not scale or blister, which botii

asphalt and iron oxide paints will do, thereby requiring a thorough

scraping and removal of old material before a new coat can be

applied. Any red lead pigment adhering to the metal forms a

permanent base for subsequent paintings, and is utilized in further

preserving the metal.

" The Government specifications for iron work in the new

Library Building of Congress provide, that 'all the work not

Bower-Barffed must be given one coat of pure red lead paint

—

not metalliG paint of any kind, but pure red lead—before leaving

the shop and before becoming rusted.

" The experiments of the Navy Department on the preserva-

tion and fouling of plates covered with different pigments are

interesting. A plate of iron covered Avith asphalt paint was

immersed in sea water for eight months and six days. At the

end of that period it was found to be covered with scum and mud
and very badly pitted. A plate coated with iron paint was found

to be covered with shell and coral, but little paint remained, and

the plate was badly pitted and rusted. A plate with two coats of

red lead was found to have a few barnacles attached, bnt to be

in fair condition, Avith no rust whatever on the iron after the paint

was removed. The red lead not only protected the iron better

than the other pigments referred to, but the plates wore in better

condition as regards barnacles and fouling. The superiority of

I
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red lead being thus established, it is adopted for use on the hulls

of all Govern ID ent vessels.

''If red lead is thus proven to be the best pigment for preserv-

ing iron and steel structures, what is the best method of applying

it ? The value of red lead depends upon its forming a hard, elastic

coating having a great tenacity for the metal. This is owing to its

forming certain combinations with the oil and actually setting, very

much the same as plaster of Paris or cement sets when mixed

with water. To successfully work the latter substances it is

necessaiy to put them in shape as quickly as possible after mixing

with water before setting takes place. If the chemical action of

setting has partly taken place the material may be moulded, but

good results will not be obtained. E.3d lead, like these substances,

must be applied to the work before it sets with the oil. It is on

this point that failures in the use of the pigment have generally

occurred, because if it be applied after the combining or setting

process has taken place the hard, elastic, clinging coating will not

be formed on the metallic surface.

" The following is the practice of a large ship-building establish-

ment in applying red lead to the hulls of vessels. The plates are

first pickled in a dilute solution of muriatic acid, then passed

through rapidly revolving wire brushes which remove all scale and

dirt, leaving the plates with a bright surface ; then are thoroughly

washed with pure water and rubbed entirely dry, and immediately

coated with red lead and raw linseed oil. The red lead is first

thoroughly mixed with just enough linseed oil to form a very thick,

tough paste, which will keep for several days without hardening.

This paste, as wanted for use, is thinned down to the proper con-

sistency for spreading with pure linseed oil, and applied at once
;

care being taken to leave the paint-pots empty at night. A. gallon

of paint thus prepared contains 5 lbs. of oil and 18 lbs. of red

lead, and will cover on first coat about 500 square feet, the second

coat about 600 square feet of surface. In this way the red lead

and oil get their initial set on the surface of the metal, and the

closer the pigment is brought to the metal the more durable will

it be found.

" Iron primed with iron-oxide or metallic brown paints before

applying the red lead is a mistake, as these paints readily scale

and, of course, carries the red lead with it. Iron primed with oil

before applying the red lead, prevents the adhering paint from

coming in contact directly with the metal, and should be avoided,
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because it is out of the question for it to liold on to the surface by
any process of absorption into the pores of the metal.

" The rusting of iron before the apphcation of paint, which is

sometimes recommended, should by all means be avoided, as it

not only prevents the contact of the paint with the metal, but

induces a chemical action which may go on with its corroding

Avork under the applied paint, as referred to before.

"The application of dry lamp-black, an ounce to the pound of

red lead, mixed together dry and before the oil is added, changes

the color to a deep chocolate, and prevents the red lead from

taking its initial set with the liuseed oil as quickly as when mixed

with oil alone. This compound will remain rliixed in a paste form

for thirty days without hardening. If rapid drying is desired,

Japan dryer can be mixed with the oil used in thinniug the paste

before application with the brush.

" The first cost of painting structures with iron oxide is less than

with red lead ; however, as the labor in painting structural work

costs twice as much as the material, true economy must, there-

fore, be sought in the durability of the paint as well as the

preservation of the structure from rust.

" Structures painted with iron paints have to be repainted the

third or fourth year, and if the old material be entirely removed

before applying the new coat in order to secure a good applica-

tion, it entails an increased cost ; whereas, with red lead applied

at the end of the sixth year, no such expense is necessary, but as

before stated, the portions of the pigment remaining on the metal,

continues to protect the surface, and is the best base for the new
coat, and contributes materially toward it."

The asphalt here referred to is, doubtless, the product of coal-

tar distillation, called in the trade " asphalt " ; and while hav-

ing a certain resemblance to natural or Trinidad asphalt in some

of its physical qualities, is chemically very unlike it. The name
asphalt being applied to both the natural and the coal-tar or

artificial product, naturally leads to some confusion on the sub-

ject. They are, in fact, so widely apart in all of their essential

qualities that they cannot be appropriately coupled together as

relating to the same substance.

In the distillation of coal-tar, until the final residuum of coke

is reached in the still, there are no constituent oils derived

from the process that do not gradually volatilize by the heat of

the sun or approximating temperatures ; and all coal-tar or
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hydrocarbon products suitable for use in, or as, paints also

become tiuid when exposed to heat ; in fact, but few of them

are applied in any other condition than while hot. They are

all liable to run on vertical or slightly inclined surfaces, until

by evaporation they are so advanced on the road to brittleness

that they solidify, and by a little further progress in the same

direction they become brittle and scale off on the least mechani-

cal disturbance.

On the other hand, true asphalt paint does not become fluid or

run on vertical surfaces when exposed to the heat of the sun or

to that of boiling water. Its constituent oils are absolutely non-

volatile at the highest temperature of the sun's heat, and do not

change by oxidation under any ordinary atmospheric conditions.

Its toughness, and adhesiveness to all bodies, wooden, fibrous,

as well as metallic, are remarkably persistent and durable. Its

covering quality is also excellent, and for the exclusion of moist-

ure and prevention of rust it has no superior, if any equal.

When a new coating of paint is required, it is best to apply it

over the old one with but little or no scraping. The mixture of

foreign substances, such as clay, talc, mica, barytes, plaster,

oxides of iron, etc., to give body or some other " donH know
what " quality, is strongly condemned. Pure Trinidad asphalt

needs no bush. Cuban and other brands of asphalt have so

many earthy impurities as to preclude their use for paint or

preservative compounds to be applied to metallic structures.

Their use should be relegated to paving and kindred purposes,

or to metallic surfaces of minor importance or ground work.

How effectually a light coating of the proper material will

protect a surface from decay is forcibly shown, and examples

can be seen in almost every city and village in the civilized

world. The swinging sign-boards of the roadside inn—in many
cases exposed for nearly a century to bleaching in the sun and
the buffets of storms— still show clearly the black letters of the

names and symbols that were originally placed upon them.

These wooden signs, on examination, prove to have been given

a number of coats of linseed oil and white-lead paint, over

which the lamp-black letters and symbols were placed in a single

coat, which has not only protected itself, but all the paint coat-

ings over which it was spread. In many cases the paint in the

interstices between the lettering, and even the wood of the sign,

is worn away until the letiers stand out in bold relief.
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These remarkable results are to be attributed to the lamp-

black pigment. Lampblack as a carbon is practically unchange-

able and indestructible under ordinary atmospheric conditions,

and being of itself of an oily and elastic nature, its combination

with oil forms an elastic, close-clinging coating—one of the best

preservative paints known in the arts. Its want of color is

alone against its general adoption ; but its mixture with other

pigments to tone and modify their character is admissible and

beneficial in almost every instance. It is neutral in action, non-

corrosive, and cannot be excited into an electro positive state,

as many pigments are, by the addition of oxidizing materials

and exposure to the elements.

Cast iron generally seems to withstand corrosion from exposure

to the atmosphere, sea water, acidulated water, sulphuric and

chemical fumes, better than either wrought iron or steel. Traut-

wine's citation of the cannons immersed in the sea for 62 and 133

years and being as soft as plumbago when taken out, can be sup-

plemented with the fact, that they were nearly of the original size,

while the anchors and chain cables removed at the same time were

corroded away to but skeletons and had hardly more strength per

inch of metal than the cannons. It may be noted that when the can-

nons and anchors were first taken out of the sea, they absorbed oxy-

gen from the atmosphere at so rapid a rate as to become so hot that

they could not be handled, a condition noticeable for a number of

days. As between a gray cast iron recommended by Mr. Turner,

Assoc. R. S. M., F. I. C, for iron constructions immersed in the

sea ; and Mr. Trautwine, who recommends white close-grained

cast iron, I should prefer to follow Mi'. Trautwine, but it is a

question of guessing which to select. Parts that need machining

will require to be softer than those that can be put into place as

they come from the foundry. Accurate data is wanting on all

these points. Experience is a dear school, and a slow one in its

deductions. It has been noted that cast iron car wheels im-

mersed in both fresh and sea water for many years, show less

corrosion on the chill part of the wheel than on the body.

The iron is necessarily the same in both points, but the molecular

arrangement of the iron, due to the chill, not only imparts a higher

resisting power to wear, but also to corrosion. This example shows

that both Trautwino and Turner are right, though diametrically

opposed to each other primarily, and the governing efi'ect of a

condition rather than a theory.
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Professor Y. B. Lewis of the Royal Naval College, Greenwich,

England, at a recent meeting of the Institute of Naval Architects,

London, states

:

" The rusting of iron and steel is a definite chemical process

due to the conjoint action of air, moisture, and carbon dioxide

upon the metal. The increased rate of chemical corrosive action

due to a local increase of temperature is noticeable, and may be

due to galvanic action set up between portions of the same metal

at difierent temperatures.
" It is an undoubted fact that the double bottom of ship

plates near the boilers corrode more rapidly than similar plates

in other parts of the vessel, and the increase in temperature

near the boiler is the only factor.

" It is also noteworthy that the plates at the bottom of the

cellular spaces which are kept cool by contact with the sea-

water do not corrode ; and cases are noted in which parts of a

plate, which get locally warmer than other parts—although the

difference can only be a few degrees — corrode much more rapidly

than the cooler portions.

" Experiments show that the rapid corrosion found in the

double bottoms near the boilers or other sources of heat, is due

to galvanic action, and not to the increased chemical activity due

simply to the increase of temperature. As the ashes are drawn
and quenched with sea-water near these exposed plates, no

doubt some of the corrosion can be traced to the gases

thus formed ; the sulphur in the ashes also contributing its

effect."

Mr. William Thomson, F.R.S., RLC, read a paper, " On the

Influence of some Chemical Agents in producing Injury to Iron

and Steel," before the Manchester Association of Engineers,

November 25, 1893, in which he refers to the interesting and
exhaustive experiments made by Mr. Thomas Andrews, F.R.S.,

Ed. Assoc. M. Inst. C. E., on the galvanic action which takes

place between iron and steel, and between iron of different

kinds and steel of different kinds.

One paper, entitled " The Galvanic Action between Wrought-
Iron, Cast Metals, and Various Steels during Long Exjjosure in

Sea-Water,' read before the Institute of Civil Engineers, Vol.

77, Ses.sion 1883-84, Part III. ; the second paper, " Corrosion

of Metals during Long Exposure in Sea-Water," read before

the Institute of Civil Engineers, Vol. 82, Session 1884-85, Part
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IV.; and the third paper, " The Relative Electro-Chemical Posi-

tions of Wrought-Iron, Steel, Cast Metal, etc., in Sea-Water and

Other Solutions," read before the Royal Society of Edinburgh

;

also, a paper by Mr. David Phillips, read before the Institute

of Marine Engineers, May 19, 1890, which shows that steel

corrodes more easily than iron.

These papers are well worthy of jDerusal and a permanent

place in any engineer's library. I regret that their length for-

bids their introduction into this article, or even an attempt to

abridge them.

In the above named articles Mr. Andrews shows that while

some varieties of iron and steel remain constantly electro-posi-

tive or electro-negative to each other, others change, taking

opposite positions toward each other ; while others again

change positions constantly during long periods.

" It can be easily understood that while there is no material

voltaic action between two pieces of steel or two pieces of

iron, or of pieces of steel and iron, there may be conditions on

the surface of one plate or rivet which may act strongly as an

electro-negative element, and produce rusting on the metal in

contact with it. A piece of iron immersed in iveak nitric acid

begins to dissolve at once. A similar piece placed in strong

nitric acid, touching it for a few minutes with a piece of plati-

num wire, and then putting it into the weak nitric acid, wiM

not dissolve, it having been rendered passive ; and similarly,

there is reason why one piece of iron may act electro-negatively

toward another piece of the same metal, on account of some

slight alteration of its physical properties, by hammering, such

as closing the riveted seams of plates, calking seams, setting

tubes, etc.; or it may have attached to it some peculiar oxide

of iron (for there are a large number of iron oxides) which

may act electro-negatively toward any metal with wliich it is in

contact, and may thus induce oxidation in such metal."

" Chemically pure iron will not rust in chemically pure water.

For rusting to take place, it is necessary to have another sub-

stance which is electro-negative to the iron to be in contact with

it, so that the current of electricity liberated by the oxidation

of the iron passes away to the metal, or other material whicli

acts as the electro-negative element. In this way the iron acts

as one of the elements of a voltaic coll."

A plate of iron and one of copper joined together or in com-
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miinication mechanically, and immersed in sea-water or acidulated

solutions of wat-^', the iron becomes electro-positive to the copper

and the iron is rapidly corroded. If the iron is connected to

another metal which is electro-positive to the iron—zinc, for

instance—then the iron becomes electro-negative and remains

comparatively unaffected, the zinc being the metal corroded.

The metal that is wasted away will always be found in com-

munication with the positive pole or current of electricity. The
fluid in which the iron and copper are immersed will be found

colored red with the iron rust, while that in which the iron and

zinc are placed will contain a white flocculent precipitate of zinc

that has almost prevented the iron from corrosion.

This system of preserving iron from corrosion in steam-boilers

has been patented in England and America, and is in extended

use under a number of different applications. The zinc aids

materially to prevent incrustation, because, as the zinc oxidizes,

the hydrogen is evolved on the surface of the iron in small

quantities, and this aids in preventing the sulphate and car-

bonates of lime and magnesia thrown down from the water from

adhering to the plates as a hard scale. On a piece of iron that

has become corroded by oxidation, it will be found that the

corrosion has taken place in small holes or pits, technically

known as " pitting "
; these are produced by some impurity in

the iron which ultimately forms the centre of the pit ; this may
be a piece of carbon, a speck of manganese, or other substance

which is electro-negative to the iron, which latter being electro-

positive becomes oxidized. Steels that contain large amounts
of manganese are peculiarly subject to oxidation.

When rust begins to form on ir6n, it usually attacks it at cer-

tain minute points and extends, like spots of mould, the oxide

of iron itself acting as the electro-negative element to the iron

on which it rests, so that when a piece of iron has become rusty

it is very difficult, after cleaning, to prevent it from again becom-
ing rusty unless every particle of rust be most carefully removed
from it, each particle of rust forming an electro negative element

around and under which the electro-positive iron begins to

oxidize and produces a small hole or pit. When the magnetic

oxide coating of an article treated by the Bower-Barff or other

kindred processes is broken, the coating of black oxide then

acts as the electro-negative element, and the iron is rapidly

corroded into red oxide of iron, or rust, as much energy in the
65
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form of electricity and heat being developed in tlie f. ombination

of tlie oxygen andiron to create the rust as was expended in the

process of smelting the iron from its original oxide ore into

metallic iron.

" An important question presents itself to boiler-makers,

whether it is safe to rivet steel plates to iron plates in steam-

boilers, or even in other constructions, particularly where

exposed to high temperatures or frequent changes of moderate

temperatures ; or to use iron rivets for steel plates, or steel

rivets for iron plates."

" Cases are shown where, furnace plates of steel riveted

together with iron rivets, the plates in the vicinity of the rivets

are badly rusted or pitted while the rivets remain intact. To
determine how iron stands to steel and how different samples

of steel stand to each other, Mr. Thomson made an extended

series of experiments, using a Thomson's tangent galvanometer

to measure the electrical currents generated in the corrosion of

iron and steel, both singly and in connection with each other,

and when immersed in different fluids ; viz. : sulphuric acid (one

part to nine of water), caustic potash solution (specific gravity,

1.311\ and chloride of ammonium solution (specific gravity,

1.033\ the latter representing electrically the ordinary concen-

trated water found in steam-boilers."

The details of the experiments are very interesting, but I will

only take space for the results obtained.

" An iron rivet and a piece of the above-mentioned corroded

steel furnace plate, when placed in contact and immersed in the

weak sulphuric acid bath, at first the steel was electro-negative

to the iron, but in a few moments it changed, and afterward the

iron was electro-negative to the steel. When placed in the

chloride of ammonium solution, at first the iron was strongly

electropositive to the steel, and afterward became weakly elec-

tro-negative. When placed in the caustic potash solution, the

steel was strongly electro-positive, but the current gradually

became weaker and weaker until it practically ceased. A new

steel rivet in an iron plate, a steel rivet closed by a machine and

held until nearly cold, an iron rivet closed on a mild unworked

steel plate, all reacted strongly among themselves. The iron

when first brought into voltaic contact with the steel was

strongly electro-positive to the steel, being presumably strongly

acted upon by the solution, but after a few minutes almost
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ceased action or became reversed ; and so far as tlie tests demon-

strated as a whole, it was to the effect that it was quite as safe

to bring iron and steel in close mechanical contact with each

other as two different kinds of steel or two kinds of iron."

" Dr. Frederick Grace Calvert's (F.E.S.) experiments many
vears ago determined that bright iron placed in an atmosphere

of dry oxygen or of dry carbonic acid would not rust ; when put

in a damp atmosphere of oxygen it rusted slightly ; in a damp
atmosphere of carbonic acid a small quantity of white carbon-

ate of iron was formed on the surface of the bright metal, but

no rusting took place ; when, however, bright iron was placed

in a damp mixture of the two gases (oxygen and carbonic acid),

it became rapidly oxidized, forming a copious excrescence of red

oxide, or rust, all over it."

Experiments in the opposite direction, to prevent rusting,

showed that a strong solution of carbonate of soda preserved

steel needles and instruments bright and untarnished after an

exposure of twenty-live years.

" Mr. Thomson's experiments with red lead, white lead, zinc

white, and oxide of iron paints, and of varnishes composed of

bitumen alone, and mixed with lime, coal-tar, and other sub-

stances to prevent corrosion of iron, in which plates coated with

the various paints were immersed in sea-water in separate ves-

sels. After a number of days the waters became first turbid,

and on longer exposure precipitates of the red oxide of iron, or

rust, were thrown down in copious amounts, the plate coated

with red lead alone being unaffected. As red lead of itself is a

highly oxidizing body, one would expect that instead of preserv-

ing iron it would only hasten its oxidation. The reason for this

preservative action is found to be that the oxidation of some of

the protoxide of iron which was first formed upon the surface of

the metal was further oxidized by the oxygen in the red lead

and converted into the black oxide of iron. In other words, the

effect of red lead upon iron is to produce a skin of unoxidizable

black or magnetic oxide on the iron itself under the paint, being

the same substance as is produced by the Bower-Barff process."

Experiments show that manganese dioxide ore, or pyrolusite,

being a highly oxidizing substance, forms a paint in some re-

spects superior to red lead, as it does not harden so quickly or

require to be used so soon after being mixed with. the oil. Iron

and steel painted with manganese paint and remaining coated
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for a number of montlis, and then having the paint removed and

the articles placed in sea-water, are found to be passive to cor-

rosion for a long time, thus showing that the manganese has

formed a coating of black oxide upon the surface of the metals,

ensuring their protection from corrosion for a limited period

even without the additional protection afforded by the paint

itself.

Bichromate of potash, chromate of lead, and most of the

chlorates, possess tlie peculiarity of forming the black or mag-

netic oxide on the surface of iron and steel to which they may
be applied as a paint. The red oxide of iron paints do not possess

this feature, but are so porous as to readily admit the passage

of air and moisture, in the electrolysis of which the oxygen at-

tacks the iron to produce rust, the hydrogen being set free to

form blisters, the presence of which but hastens the process of

corrosion by exosmosis of the hydrogen through the blistered

paint, air and moisture taking its place and perpetuating the

process of corrosion.

The use of perfectly pure materials cannot be too strongly

insisted upon in the preparation of any paint applied to any

important iron or steel structure. Adulteration is the order of

the day, and in many cases the adulteration of the adulteration

comes in to gather an extra penny from a pound of material.

There are some seventeen well-known siccative or drying oils

of a vegetable origin available for the purposes of paint.

Linseed from its many qualities stands preeminently at the

head of the list, and though all of the other siccative oils will dry

on exposure to the air, many of them in so drying do not fail to

crack, and thus defeat the object and intention of their use for

preservative methods.

The number of non-drying oils of a vegetable character that

are v.vailable for the adulteration of linseed oil are over thirty
;

the greater number of wliich are commercially cheaper than

linseed ; and as most of the siccative oils are also cheaper than

linseed, the inducement" of the oil dealer to give the linseed tank

a dose of some one or other of the group is not always resisted.

When to the above list arc added the fish and animal oils, one

may wonder how any linseed oil gets into the market in a con-

dition fit to apply as a vehicle for the required paint, even when
fortified for drying by the use of turpentine, Japan-dryer, ben-

zine, etc.

i
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There are many methods of detecting the adulteration of oils
;

that bv the hydrometer appears to be the least satisfac-

tory.

Hydenreich and Peuot's method is based upon the fact that

the several fat oils change color when brought into contact with

strong sulphuric acid. When a drop of this acid is added to

eight or ten drops of an oil placed on a plate of glass resting on

a piece of white paper, the following colors are immediately

produced

:

Linseed oil becomes brown-red, changing to a black-brown.

Hempseed oil becomes a distinct emerald-green tint. Poppy
oil, a pale yellow with a dingy gray look. Colza oil, a greenish-

blue aureola. Sesame oil, a bright red. Olive oil produces a

deep yellow tint, gradually becoming green.

The above colors are produced from chemically pure oils.

The colors produced by adulterated oils are too numerous to

attempt to describe here. The experimenter will find the pur-

suit of knowledge in this branch of engineering a fascinating

subject, and one pretty sure to ground him in the conviction that

most oilmen are ineligible for the kingdom of heaven, and fair

dealing abideth not in them.

Prof. F. C. Calvert's experiments indicate that caustic soda

(specific gravity, 1.3i0), added to an oil previously treated with

sulphuric acid (specific gravity from 1.475 to 1.635) or nitric

acid (specific gravity from 1.180 to 1.33) ; by the reaction, it is

possible to ascertain the presence of lO,*^ of any given oil in

many cases of adulteration.

Watts' DiHionary of Chemistry, vol. iv. p. 183, gives a table of

a number of these reactionary colors with acids of different

strengths, that is highly interesting and instructive. Further

details on this subject will be found in Fharm. Journal, Trans.

13, p. 536 ; also, see lire's Dictionary of Arts, iii. 300.

The German chemists have been active investigators in the

field of oils and oleaginous compounds. Their deductions are

too voluminous to attempt to incorporate herein, but they gener-

ally lead to the data given above.

The oil or spirits of turpentine or " turps " is used to a great

extent in all kinds and brands of paint to aid the drying quali-

ties. It coasists of a hydrocarbon oil (C,,H,,) and a resin

called colophony. Its action upon red lead, pyrolusite, or other

of the pigments that act electro-negatively upon iron or steel to
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form magnetic oxide upon the surface of the metal, is purely a

mechanical one as a dryer. Its evaporation leaves behind the

resin mixed with the pigment, and by its presence prevents in

some measure the chemical combination of the oil and the red

lead or other pigment. If it is of that kind of turpentine known
as " fat," it contains so much resin of a hard, vitreous character

that, when dry, it cracks into small sections and ruptures the

coating of oil and paint with which it is incorporated, and

materially aids the process of corrosion by admitting the air

and moisture to the surface of the metal. Its presence in any

form or amount in a preservative coating for iron acts in a

great measure as caustic or quick-lime added to hydraulic

cement. The lime will delay the setting of the cement and

detract from its strength. The " turps " will hasten the

drying of the oil ; also detract from its resisting and protective

power.

It is sometimes advisable to use a dryer to aid the drying of oil in

cold or damp atmospheres ; also to facilitate the spreading of the

paint over very cold surfaces, etc. In these cases better protective

results are obtained by the use of Japan-dryer. This dryer is made
bv digestinf? gum-shellac with linseed oil until it becomes thick

and partakes of the nature of a varnish. Litharge (the scum

of melted silver ore, a protoxide of lead, PbO, containing

approximately 95^ of red or yellowish oxide of lead) is

added to quicken the drying of the resulting Japan. When it

has cooked to a thick mass, termed a "pill," it is cooled and

thinned with turpentine and is ready for use.

This dryer enters into a chemical combination with linseed oil

and the red oxide of lead and other pigments that form magnetic

oxide coatings on the surface of the metals over which they are

spread ; and, as will be seen from the brief of its manufacture,

its principal ingredients are of the same substances that com-

pose the protective coating for the metal, and does not retard

that action called "setting of the paint" in any degree, but

hastens it.

Benzine of any grade, gravity, or kind, though a perfect solvent

of all the siccative and other oils of commerce, should never be

tolerated in any paint compounds applied to metallic structures,

and, in fact, to none even of wood. It evaporates quickly and acts

solely as a mechanical dryer. It does not entei* into any chemical

combination with either oil or pigment, and as the redistilled and

!

I
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purest samples of it still carry some appreciable quanties of paraf-

fine in solution, the evaporation of the hydrocarbon fluid leaves

the paraffine behind to act as a wax coating on the surface of the

metal, and jirevents that close union of the pigment with the

metal so essential to a successful application of the paint. A
slight change of temperature causes a blister to form on either

the iron or wooden surface coated, and the process of dissolution

has tlien commenced.

If two pieces of rough surface scaled iron be taken, and one

is washed with benzine and allowed to dry as ordinarily prac-

tised in the workshop, or even wiped dry with ordinary cotton

waste ; and the other piece be washed clean with carbonate or

sal-soda ; and both pieces are then coated with two coats of the

same pure red lead and linseed oil paint, and thoroughly dried

for a number of days, and then the pieces be immersed in separate

vessels filled with sea-water, it will be found at the end of three

months' exposure that the sample washed with benzine has com-

menced to rust and pit and has thrown down a considerable

amount of red oxide of iron, coloring the water very materially,

while the soda-treated sample has not even discolored the water

and the surface of the metal is found clean and free from rust.

In the former case, the thin film of paraffine wax from the

benzine washing has prevented the formation of any mag-
netic or black oxide of iron on the surface of the metal,

but, acting as the electro negative element and aided by the

exciting sea-water, has decomposed the organic element (the

oil) and has hastened corrosion not only of the metal but of the

paint also.

Of the five oxides of lead, the red oxide, minium, Pb,0„
or red lead, is the one that principally concerns us to consider

as a pigment, its action upon iron and steel being so remarkable
as to place it at the head of all other pigments when applied for

the purpose of preserving iron and steel from corrosion however
induced. When prepared for analysis, or when the commercial
article is freed from the protoxide of lead by digestion, it con-

tains 90.63'« of lead and 9.37f^ of oxygen, numbers agreeing

exactly with the formula, Pb,0,. Its specific gravity ranges
from 8.6 to 8.94, and as a compound it is classed analogous
to the magnetic oxide of iron, a substance which red lead creates

when brought into contact with iron or steel, either in a dry
state or as a pigment. lied oxide of lead is found native in
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many parts of the Avorld, where it accompanies cerusite. The
commercial article is generally prepared from melted metallic

lead by oxidation in special furnaces, the process being a double

one ; the first process being to oxidize the metallic lead into

massicot or litharge, which is then ground to a powder and washed.

The second process consists in reexposure of the ground massicot

to a low red heat in presence of air for some 48 hours, or until the

proper color of a dark red when hot is obtained, which changes

to a bright red on cooling, the quality of the product depending

in a great measure upon the latter stage of the manufacture. Com-
mercial red lead contains all the foreign metallic oxides—^such as

the oxides of silver, copper, and iron, Avith which the massicot or

litharge from which it is prepared is contaminated. These foreign

oxides are, however, so small in amount as not to seriously affect

the quality of the red lead as a pigment in its peculiarity of form-

ing magnetic oxide or an electro-negative coating on iron or steel

which is coated with it.

Red lead is adulterated with red oxide of iron, boles, or brick dust.

These substances remain undissolved wlien red lead is digested

in warm dilute nitric acid ; boiling hydrochloric acid extracts the

sesquioxide of iron from the residue. When red lead thus adul-

terated is ignited, there remains a mixture of yellow lead oxide

and the red substances that have been added to it. Tlie bright-

ness of the color of red lead prevents the addition of man}'^ adul-

terants such as plaster, chalk, etc., tlie color being sensibly changed

by small additions of these and like substances, as well as the

weight of the lead.

Of the otiier substances that are remarkable for their tendency

to become electro-negative to iron and steel, and to form magnetic

oxide upon their surfaces when placed in contact with them,

manganese dioxide, MnOj ore, or pyrolusite, ranks next to lead

in qualities as a pigment, its oxidizing powers being greater than

red lead ; but the chemical combination with linseed oil and the

development of tlie "setting power" x'&not a])parently as effective

as red lead. It consists of red oxide of manganese, 8-i to 87 parts

;

oxygen, 11,45 to 14.58; sesquioxide of iron, 0.40 to 1.30; baryta,

0.07 to 1.20 ; silica, 0.51 to 0.80 ; and traces of alumina, lime,

and water, etc. Specific gravity when pure, 4.810 to 4.97. Lustre,

metallic ; color, iron-black, dark steel-gray, sometimes bluish.

Its api^lication as a pigment for the ])i'cservation of metallic

surfaces from corrosion being comparatively recent, but little data
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is available for comparisioii with red lead. Its color, in many
cases, will lead to its application when the color of red lead is

objectionable. It can be readily adulterated with barytes—barium

oxide, BaO—or heavy spar, the specific gravity of which, 4.7, is so

close to manganese, and its corresponding gray color will render

the familiar commercial transaction easy of accomplishment.

Graphite, mixed with pure boiled linseed oil in which a small

percentage of litharge, red lead, manganese, or other metallic salt

has been added at the time of boiling to aid in tlie oxidation of

the oil, forms a most effective paint for metallic surfaces, as

well as for wood and fibrous substances. Wood surfaces pro-

tected by this paint, and exposed to the action of sea-water for a

number of years, are found in a perfect state of preservation.

Some recent experiments with this paint applied to the surface of

boiler flues show that it prevents the formation of scale to a won-

derful degree, and though it would seem in this case to also prevent

the transmission of the heat to the water, yet it appears to be a

better conductor than tlie scale which it prevents from forming.

Steel tubes in locomotive and other high-pressure steam boilers

pit more readily than iron tubes under the same conditions of

ser\'ice, so much so that on many railways the use of steel tubes

is prohibited.

If the experiments now in progress with this paint applied to

locomotive boiler tubes are as successful to prevent corrosion and

the formation of scale as in the case of the boiler flues, its use will

add materially to the economies of railway locomotive service,

and can hardly be less effective in many cases on marine boilers.

In many places in the south-western section of our country

the water is so bad in scale-producing qualities as to require

the removal of the boiler tubes after only two weeks of ser-

vice, or a little over a 2,000 miles run. Innumerable com-

pounds of the anti-incrustation order have been tried and found

useless to correct or even mitigate the trouble. If the simple

application of a coat of plumbago paint furnishes a remedy for

this evil, no better example of the " unexpected happenings " in

favor of the engineer can be had.

The u.se of graphite for a pigment for the protection of iron

from corrosion was inaugurated by the Joseph Dixon Crucible

Co., and embraces an experience of over thirty years, during

which ])eriod the use of it for the above purpose has given almost

unqualified satisfaction in the many trying and test situations in
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which it has been placed. Its use is increasing, and its merits are

more generally conceded as being far superior in all respects to

the oxide of iron paints for a protective coating on iron structures.

The amorphous graphite is usually mixed with more or less

clay and silica, and being granular in character, even with close

grinding does not give as good results as a pigment as the flake

graphite, the grinding of which in raw linseed oil reduces it to a

fine scaly condition ; these scales overlap or felt together by the

action of the brush in spreading, and constitute almost an ideal

covering for resisting atmospheric influences. Its specific gravity

is 1209, and the qualities used for pigment contain from 90^ to 95,'^

of carbon. The small amount of silica that accompanies it in its

natural state is not detrimental to it as a pigment ; in fact, ground

silica is added to some brands of the paint, and its presence is

thought to give better results than the absolutely pure graphite.

It is practically unaffected by heat ; temperatures under 600° F.,

the carbonizing point of the oil used with it, do not effect it

;

cold, dampness, acidulated mixtures, and alkalies have no affect

upon it ; and only the strongest of corrosive chemicals change it,

and these only through the medium of the oil.

It spreads well over any surface to which it may be applied,

and takes kindly to other paints, old or new, over which it may
be placed, and as a priming coat for other colors it is almost un-

equalled. Its natural color is a slate, but the addition of light

or tinting colors can be had without detriment to its preservative

qualities. It is claimed for it that it dries quicker than Prince's

metallic and other oxide of iron paints, without the use of dryer;

that one pound of prepared paint will cover twice as much surface

as any iron paint, or three times as much as any lead paint. A
gallon of prepared paint weighs 10 pounds, and it will cover 600

to 700 square feet of iron work one coat, or about 550 square feet

of wood surface.

It does not bleach or fade. Tin roofs covered with silica

graphite paint last from fifteen to eighteen years witiiout

renewal, as against five to seven years of iron oxide paints. It is

adulterated with soap-stone, pipe clay, and other Iik(i substances to

the (l(!triment of tlu; quality of the j):iint. One pound of flake

graphite ground with three ])ounds of soap-stone, neither the eye

nor the touch can distinguish it from pure graphite, and then^

is no i-eady means of detecting the adulteration except in the

laboratory.
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An example of its use on a large scale is to be seen on the

elevate<l line of the Pennsylvania Kaili-oad at Jersey City.

Engineers re(iniring a ready rule to determine the amount of

paint required to cover any structure, may fiud the following, from

my own experience, to be of use.

Divide the number of square feet of surface by 200, the result

will be the number of gallons of liquid paint required for two

coats. Or, divide the square feet by 18, and the result is the

number of pounds of pure white lead required to give three

coats.

The tendency of ii'on to change its physical properties by a

Fig. 305.

change in the condition under which it may be placed in ordinary

structural work, is strikingly shown by the following instance

taken from Eixfjlneenng^ April 27, 1894 ; and reported by Mr.

Oswald Brown, M.I.C.E., of 32 Victoria Street, Westminster.
" The cut shows portions of the bar dark and corroded, while

the intermediate layers have remained bright. The bands of rust

extend over both ends of the bar, giving it the appearance of

Ijeing built up of layers of two different metals. The bar, which

is of the best Yorkshire iron, gave under test the following

results.

'• Tensile strength o-l:,230 lbs. per square inch ; elongation on 8

inches, 28.4-^ ; contraction of area, 49.6<^. Xo traces of lamina-
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tion were shown during the test, but some months after, the bar

was found in the condition illustrated, which seems to show that

it really does consist of layers of slightly different ciiemical com-

position, those which have rusted being electro-positive to the

other portions of the bar."

It is to be regretted that no analysis of the different laj^ers of

iron composing this bar is to be had. If the bar was not really

homogeneous, the corrosion in the absence of any exciting cause

must be attributed to the molecular changes due to the strain of

the test.

If this is conceded, it goes far to clear up the mystery con-

nected with the corrosion of steam-boilers, both internally and

externally. Iron rivets and iron plates in some cases show the

rivets corroded and the plates unaffected, and sometimes the con-

trary, and so with steel rivets and steel plates; also, iron rivets in

steel plates or steel I'ivets in iron plates, all show the most erratic

evidences, as regards corrosion ; in mau}^ cases without reference

to the character of the water used in the boiler, or to the external

conditions. As a rule, all analyses of the plates, rivets, and other

material used in boiler work are made from cold samples as they

come from the manufacturers' hands, and before being worked
;

and when corrosion of either plate or rivet has commenced and

attracted attention, it is seldom possible to get a sample of that

particular make and lot of rivets to analyze to show what pliysical

changes have taken place or developed in a nascent state, by the

process of heating, closing the rivet, cold hammering the head,

etc.

In no report of the corrosion of boilers that has ever come to

my knowledge, has there ever been any mention of whether the

rivets were hand-driven or power-i-iveted. The comj)ai'atively late

advent of the power-rivet ma-cliinc may account for this oversight.

The writer's experience upon this point is, tliat hand-di'iven rivets

corrode the soonest, and most rajiidly when compared in tiie

same class of work with ])ower-driven rivets, and that the points

of the hand-driven rivets an^ not so susceptible to corrosion as the

heads, whvw exposed to the same corrosive influences. Tiiere is

much available data in the i-anks of the members of the A.S.IM.E.

upon this matter of coi-rosion of boilei's in service, and under

m(!chanical contortion from llu; t^lfect of bad workmanship, such

as riv(!ting, flanging, connections of coj)per and brass, that are the

foundation (m- starting ])oint for the corrosion, particularly when
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some slight aiul unnoticed impurity in the feed-water may act as

the exciting cause. This data if brought out either by discussion

at the annual or special meetings of the Society, would do much
towards correcting the evil.

Free hyilrochloric and free sulphuric acids are found in various

sources of water supply, notably from canals and streams con-

taminated by mine waters. When tliese waters are used for

steam purposes, any speck of carbon, manganese, or other impur-

ities in the iron or steel plates, rivets, or pipe connections, act the

part of the electro-negative element, around which the iron is

rapidly corroded, pitting being thus produced. Soda ash made
by the ammonia process is often used with good effect to correct

the free acids in boiler waters. An ounce of phenol plithalein

dissolved in a half-pint of methylated spirits and put in an ordi-

nary sized boiler, will indicate by its light blood color that the

water is practically free from acids or salts. When the color dis-

appears, a solution of soda ash should be poured into the boiler

until the blood-red color is restored.

Waters containing nitrates and nitrites in large quantities are

common for sources of boiler supply. The application of carbon-

ate of soda in solution to the boiler water does not always prevent

corrosion and pitting, ev'en when aided by a hard scale covering

the boiler plates.

To counteract the effect of these nitrates and nitrites, metallic

zinc is used, which decomposes them by combining with the oxy-

gen and forming oxide of zinc, acting passively or as an electro-

positive body to the iron, and converting the nitrogen into am-

monia; also, neutral to iron. A mixture of one part by weight

of bisulphite of soda to two parts of soda ash, also aids in pre-

venting the action of the nitrates and nitrites on the iron ; the

tannate of soda also tends to prevent corrosion from these

sources.

THE HASWELL ELECTRO-BROWNING PROCESS.

Another method or process for the protection of iron and steel

has been recently invented by an Austrian, and is in practical use

in Vienna. The United States patent No. 453,355 was issued

June 2, 1891, and is described in the Official Gazette, vol. 55, page

1199. It is called the Huswell electro-browning or electro-enamel

process, and consists in protecting the surface of iron and steel by
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a deposit mainly of peroxide of lead, prepared by the electrolysis

of a suitable lead salt in cold water.

The deposit is produced and completed in twenty minutes, and

does not require more than one treatment. Several samples of it

are presented for the examination of the members.

It appears to be best adapted to articles like shelf goods,

hinges, and other cast-iron articles of general hardware, also

axes, edge tools, scythes, etc., that require protection from changes

of temperature that cause sweating, also from the effects of

handling and storage in damp places.

The coating, while possessing considerable resisting power to

the moisture, carbonic acid, and ammonia, that is in the air in its

normal state ; also, to diluted mineral and organic acids, and the

chemical and other fumes of the workshop, is not, however, of so

high resisting power as to withstand immersion in either water,

sea-water, or acidulated mixtures beyond forty-eight hours, which

under these conditions appears to be aboufc the limit of its pro-

tective qualities. It can be polished on ordinary buffing wheels

after it is applied, as shown by the round samples, it being unnec-

essary to polish the article before browning it, its color then being

decidedly pleasing, while the coating on the rough ground surface

of the sample is far from objectionable.

The sheet-iron sample shows its effect upon iron as it left the

rolls, a pickling to remove the scale being the only preparation

required. The sheet-iron can be bent to a right angle over a mod-

erately sharp corner without cracking the coating or injury to its

protective power.

The coating has no chemical affinity with the metal which it is

to ])rotect.

Whether dry or moistened it creates no changes on the surface

of the article coated, and is not affected by mechanical injury like

a blow, so as to flake off, expose the surface, and cause a rust spot

to form.

It stands hard rubbing witli pumice stone wet, or dry, on a

piece of felt, is not affected by the usual changes of tomperatnre

of the atmosphere, and bears a temperature of 350° Fahr. without

injury.

The cost of material in the electro bath is ten cents for one

hundred square foot of surface coated. The apparatus required

consists of a few tanks to hold the lead solution ; a few reels or

racks to support the articles, according to what they are ; the whole

i



RUSTLESS COATINGS FOR IRON AND STEEL. 1039

at a cost of from $25 to S250. An ordinary electroplating dynamo
is requii-ed, the size depending upon the amount of work to be

done, and power to drive the dynamo, etc., from 11 to 2 voltage is

all that is necessary.

Water must be provided, and drying facilities by steam oven or

otherwise as is most convenient. Tlie articles must be cleansed

from oil or finger marks before immersion in the bath, but a lim-

ited amount of skilled labor is required in the process.

The royalty for the use of the patent is not included in the

above statement of cost. The technical value of the invention as

to cost of application and its effectiveness, appears to rank next to

the nitre process of Lieut.-Col. Buffington heretofore described

;

but for all purposes requiring the preservation of the finish

and cutting qualities of highly tempered edged tools, it has no

competitor.

The coating is easily removed by friction with turpentine,

concentrated lye or benzine.

Its application to finished shafting and kindred articles is feas-

ible and practical, but on pulleys, machine tools, engines, and like

bulky articles, the old Avhite lead and tallow pot will hold its own
for yet a while, and the machine-shop apprentice will not be

deprived of a chance to develop his artistic proclivities.

There are a few compounds for the temporary protection, rather

than the preservation, of machined or bright surfaces of iron and
steel, that, not as enduring as paint, may be denominated lotions.

Some of them are effective and easily applied,

Krupp uses a compound called Mannocitin for his bright steel,

machined articles, and ordnance in store. It does not turn ran-

cid or harden with age, is consistent enough to resist torrid tem-

peratures without slumping off, is easily removed by turpentine

or benzine, and is a valuable substitute for the old tallow pot

product.

Coal-tar, a product from the distillation of gas coal, when prop-

erly prepared, forms an effective protection from corrosion of iron

and steel from ordinary atmospheric attack, and if reduced to a

pitch compound and applied to the metal in form of a hot bath,

in which the article is immersed for a suflScient time to allow it

to attain the same temperature as the bath, the coating formed
is but slightly inferior to red oxide of lead paint, and in some
applications is much cheaper.

In all cases the removal of the scale of the rolls or foundry sand
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produces superior results. The coatiug formed has about the

same elasticity as the metal, and withstands mechanical injury

very well. The composition of the tar has much to do with the

success of the application.

Ooal-tar from gas coal and cannel coal, as it is collected from

the hydraulic main, by analysis consists of the following elements

as averaged from a large number of samples. A 40-gallon

barrel consisting of

:

1^ gallons, or S.TS,'?, of ligtt oils, consisting of benzole, naphtha and carbolic acid.

9^ gallons, or 23.75^, of heavy oil, consisting of creosote oil and anthracine.

29 gallons, or 72.5,'^, pitch.

Boiled in open kettles, this should be reduced from 15^ to 25,^,

according to the duty required of it. The tar resulting from the

distillation of petroleum oils for gas is of a decidedly interior

quality to that obtained from gas coals, and is better adapted

for coating the cruder forms of wood constructions, piles, dock

timbers, fence posts in the ground part, than metal work. But

this same oil tar, if distilled at heats from 600" to 800° Fahr.,

forms a pitch of almost adamantine hardness when cold, and

resists almost all corrosive agents and solvents except those of

the hydro-carbon class.

When the concentration of the gas coal-tar is carried to the 25^

or 30^ stage, the product is comparatively odorless, or at least is

not any more objectionable than that from oil paint, the pun-

gency due to the light oils and carbolic acid being dissipated.

GALVANIZING PROCESSES.

Galvanizing or coating metals with zinc, and its alloys of tin,

antimony, arsenic, lead, etc., is a well-known process, and its

value is well recognized, as the extensive application of it for

a large variety of purposes shows ; but it is easily attacked by

weak acidulated liquids, sulphurous and other atmosplieric

fumes, and the protection afforded, except in fairly protected

and favorable locations, is but temporary. Its mission is so

short-lived, and corrosion once commenced proceeds so rapidly

in unlooked-for spots, that one is forced to condemn its use

except for locations of minor importance, or where its failure

as a ])rotectivc agent Avill not bo attended with serious results.

The Ajax patent coatiug, so extensively advertised a few years
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ago, was a coating of lead and its alloys applied to iron surfaces

which had undergone a peculiar pickling and cleaniug process

to free them from scale, sand, etc. Other than this point it had

no merit over the ordinary galvanizing process. Zinc and tin,

with the other before-named metals, are by themselves all electro-

positive to iron and steel, but when alloyed or combined with

each other are more potent to induce electrolytic action upon the

baser metal and hasten decay.

Galvanized iron is one of the worst materials to hold oil or

paint. Out of a large number of the best quality paints applied to

galvanized iron roofs and cornices, but one, a patented paint of an

untletermined nature, adhered with any marked degree of success

;

with ordinary trade colors, this difficulty to take paint is greatly

increased. The cause of this is not known, but a plausible theory is,

that the sal-ammoniac used during the process of galvanizing forms

a film of basic chloride of zinc on the surface of the metal during

the process, which being more or less hygroscopic, repels or prevents

the close adherence of the paint to the surface. Zinc in all forms as

a pigment has a peculiar action upon all metallic or other surfaces

with which it is brought into contact as a coating. Zinc white

paint peels from all surfaces coated with it. This action, no doubt,

arises from the zinc combining with the oil to form a species of

zinc soap, which gradually becomes a hard, brittle, non-adhesive

substance, easily afifected or washed away by water or watery

vapor.

The selection of the galvanizing with zinc process for the pro-

tection of the wire used in the main cables of suspension bridges,

is possibly a mistake of the most serious character, and the adop-

tion of this method of protection from corrosion by some of the

most eminent engineers in the world for their most important and
world-renowned structures, is either an example of gross ignorance

of the subject of the causes of corrosion in iron and steel and the

methods of protection from its effect, or else is an utter disregard

of the importance of those little things, or next to nothings, that

in many cases have turned what primarily was a success into an

ultimate and unpardonable failure.

The main cables of the Niagara Suspension Railway Bridge,

only thirty years after its erection, were found to be so badly cor-

nxled that the strength of the structure was seriously affected, the

factor of safety having been reduced nearly thirty percent, by the

corrosion of the wires, with the possibility in plaia sight that

66
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the structure would not stand another like period of time unless

repaired and restored to its original condition.

The preparation of these wires to resist corrosion was : before

they were strung into the cables, they were galvanized with zinc,

then they were coated with one or more coats of boiled linseed

oil with Japan dryer, and when the requisite number of wires had

been struns: to form the cable, the cable was bound with a close-

wound wrapping of wire simihirly galvanized and oil-coated, as an

outside protective covering. Tiien the whole cable covering, iron

straps, fastenings, saddles, and all the connecting parts, were given

a number of coats of white lead paint, and the job was declared

complete and able to defy for ages the elements of corrosion or

any other destructive agents of iron structures, not even excepting

excessive strains from overloading or those changes supposed to

exist in the form of crystalhzation due to vibratory impulses,

polarity of position, etc. All of the work was apparently well

planned, and executed from the best of material, regardless of

expense; the reputation of the engineer corps engaged in its con-

struction was much prated about and carefully considered at all

times; and any causes likel}^ to affect either the strength of the

bridge or the reputation of its designer were supposed to be eradi-

cated in this, at that time considered the highest example of

engineering in the world.

As a further means of protection, when the cables thus wrapped,

painted, and—hollow mockery of words—protected, entered the

ground, or anchorage pits, they were bedded to a greater or less

extent in good hydraulic cement mortar, which, from its nature

of quick setting, was stipx^osed to he dry, and so it was, so far as

the term dry is used to express the character of any masonr}^

material buried in the earth and exposed to the ordinarj^ condi-

tions of earthy contact ; but as compared with the character of

the same object exposed freely to atmospheric effects, it was

perpetually damp, if not wet, and always in a prime condition to

inaugurate and perpetuate the process of corrosion of any iron

body in contact with it. This condition was aided by the inclina-

tion or pitch of the cable from the horizontal ; any condensed

moisture or water that could find a crevice in the outer wrap-

ping of wire and paint necessarily followed natural laws by seek-

ing its reservoir at the lowest points, and it was near these points

that renewals of the corroded wires had become necessary, and

were made by cutting them out and replacing them with new
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ones, ami the removal, so far as was possible, of the cont^vct

niasonrv and cement, and allowing the cables access to the air,

and where they conld be readily inspected at all times to ascer-

tain their condition. So far well, but the condition of the wires

upon the inside of the cables between the suspension towers is

another matter, and whether corrosion is not here in active prog-

ress is a question not easily answered ; neither can inspection

at these points be had with anything near the facility that the

anchorages gave.

These wires, during the period of stringing and grouping them

into cables, a process occupying months of time, were exposed to

all the atmospheric changes, including many storms of rain and

frost that must have soaked the freshly oiled surfaces of the wires

and filled the interstices between them so thoroughly that no ordi-

nary conditions of drying would have evaporated the water thus

collected, and when the close-wound wire wrapping and the paint

Avas in place all the contained moisture was practically as well

sealed up for the attack upon the iron as any plan could have been

devised to retain its fellowship with the metal. Even the relief

that our masonry engineers receive from the presence of weepers

to free them from their tribulations, from the nature of the case

was denied to the bridge-builder.

The difficulties that attend the application of any paint to a

galvanized surface are referred to elsewhere in this article. That

it is in this case a wire^ does not obviate the trouble, neither did

the application of the boiled oil coating afford but a limited protec-

tion during the period of erecting the bridge. Freshly dried oil

absorbs moisture as readily as a sponge ; the wire cable wrapping

prevented any circulation of air to dry out the moisture that from

any cause found its way into the cable beyond the wrapping ; also

deprived the oil of free access to the air to obtain the oxygen
necessary for changing it from its hygroscopic character to that

of a repeliant one that only a long time can give. These mistakes

cannot now be remedied, but naturally ought to be avoided in the

future. Had it been proposed to wrap each Avire in a dampened
sweat cloth, and then to bind them into a cable as a p>'^^i of the

method for the preservation of it from corrosion, the proposition

would have met the jeers of the veriest engineei-ing tyro in the

land. How far the method actually adopted is removed from the

sweat cloth, will not want a much wiser head than the said

tyro's to answer.
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In the case of the Niagara Bridge the last of the preservative

methods employed, viz., the external coating with white lead paint,

was probabl}'^ the best of all. When soiled and dingy from

exposure, it called for its renewal more forcibly than some of the

stronger and better protective paints ; and in order to please the

eye, its adoption was admissible; but its mantle, like charity,

covers a multitude of (engineering) sins.

The old game " follow your leader " appears to be not yet

forgotten, as the Brooklyn Suspension Bridge is protected from

corrosion by almost the identical methods employed at Niagara,

and which have been found inadequate in all respects to protect /

the principal exception of these methods on the Brooklyn Bridge

being at the anchorages, where the wires were replaced by eye-bar

connections which are exposed to the air for the greater part of

their length.

It is also a point for consideration in connection with both of

these engineering structures, what effect the method of attaching

the small cables that support the roadway superstructure and con-

nect it to the main cables has upon the prospective life of these

bridges, and whether they will not prove the most serious of the

causes to hasten corrosion and the ultimate failure of the struct-

ures after a comparatively short life.

These main cable bands are made from iron of comparatively

heavy sections, approximating 5 x § and | inches, and were forged

as open-jawed hoops on formers representing the outer and

extreme size of the cables over the wire-wound wrappings, and

then they were opened out so that the jaws of the hoop would

pass over the cables ; and when applied to the cable they were

brougiit to a bright red or working heat, sprung over the cable,

closed down by a bolt through the jaws, and swedged by hammer
and fuller to place and a close fit on the wire wrapping.

How Avell a film of dried linseed oil can withstand such treat-

ment and still be an effective coating, I am loath to sa}^ ; or what

effect such a mechanical application of heat and sledging would

have upon the wire wrapping or the cable wires inside, that have

had a previous preliminary dose of the screw band and sledge to

get them into the circular form preliminary to wrapping. It

requires but a very slight injury to a galvanized iron object to

start corrosion, which once begun proceeds apace ; rust begets rust,

and when it is considered that these bands as danger points on

either of the said bridges are hundreds in number, and no dabbing

-4

\
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of the paint-brush can reach any part of the surfaces covered by

these suspension hoops, the future successor in the trust of caring

for these britlges and others of hke construction has no enviable

position, and will require to employ more effective methods of

inspection than to speer at them through a spy-glass from a mile

or more of distance.

Tlie tendency of iron oxide (iron rust) paints to burn out or

decompose tlie oil with which they are mixed, hai'den with age,

then scale off, was well known for years prior to the construction

of either of said suspension bridges.

The United States Navy Yards, the Dutch Dock Board of

Construction, the British and French Admiralty Bureaus, have

recorded many experiments and tests of the qualities of iron

Band In position >j

I Approximate Scale i^fg ths. Inch to 1 luclu

Fig. 306.

oxide paints to prevent corrosion; the decisions of the said

bureaus are against the use of any oxide of iron paints upon any
iron or steel work of magnitude or importance. Notwithstanding

this available experience, the entire iron superstructure of these

bridges and the small suspension cables connecting the super-

structure to the main cables, were primarily painted with iron

oxide paints before erection, and again when in place ; the

wrought-iron work was not even cleaned to remove the scale of

manufacture, so that the paint, poor as it is for protective pur-

poses, could get its proper bond upon the metal it was spread

over.

The Brooklyn Bridge is exceptionally expo.sed to corrosion,

having not only the ordinary atmospheric conditions, but those
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due to the sea-air ; also the decomposition of animal matter from

the drippings of the driveway. There is a large area of surfaces

in the members of the superstructure and its connections that are

comparatively covered from the free circulation of air, that would

ordinarily dry out the moisture that reached them in the form

of rain, snow, frost, fog, and the animal drippings. It is the

tendency of these agents to collect upon the horizontal parts

of the structure, and to concentrate their action in spots in the

form of drops, where, as a rule, corrosion will always be found in

progj-ess to a greater or less degree, and which should have been

particularly guarded against.

The difference in the cost of the application of well-known and

well-pi'oved methods for the prevention of corrosion, over those

adopted in the Brooklyn Bridge, could not have exceeded one-half

of one per cent, on the cost of the entii'e structui'e ; and in this

case, where the cost amounted to many millions of dollars, and

the exigencies of the traffic over the bridge preclude closing it

for repairs (as a country road toll-gate would drop the bars and

send the tide of travel some other way), it seems to be a case

of Avoeful oversight that better protective methods were not

employed to preserve the structure.

The covering of church spires and court-house cupolas with

bright tin used to be a familiar method of marking the importance

of the structure to the rustic communities. These were undimmed
by paint, and in many cases were uucorroded and bright after

fifty years or more of exposure ; but the coveringwas jnire tin

plate and honest work, and when leaks did occur in the covering

it was always in the seams where the solder had introduced some

lead alloy to begin its incipient work of decay.

When the tinning fraternity began the use of acid in connection

with resin (and in many cases used acid alone) as a flux to the

solder, the life of the roofing was materially shortened ; the job

hastened to completion, but the tinker never took a cent ofif the

bill.

The advent of coal as a domestic fuel instead of wood, as well

as the fumes of coal smoke from multiplying manufacturiug estab-

lishments, soon produced an effect upon the bright tin roofs, and

paint of varying qualities, and in too many cases of a chea]) John

order, as being good enough for a house roof, became the order of

the day to preserve the work. At present the ficn'ce competition

for orders between our free trade brothers across the sea, as well
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as the unscnipulous character of some of the Budensiek con-

tractors and builders—and in many cases the engineering craft are

guilty of acquiescing in and calling for cheaper materials—has

brought into the market a quality of tin and terne plates that have

about reached the maximum point of cheapness and nastiness as a

vehicle to hold paint on a metallic surface. As an engineer re-

marked when questioned as to the quality and merits of a special

brand of tin roofing plate, imported for a specially fine job :
" Oh, yes,

we had it painted when it was boxed and shipped, it was painted

again Avhen we received it and took it out of the box, painted

again when it was ready to lay in place, and after laid had two

coats given it, and the business lasted about six years, when we
ripped the thing ofi" in midwinter and laid a tarred felt, coal-tar

and gravel roof, which has been down twelve years, and is sound

and tight as when laid, and did not cost one-half as much as

the blessed tin did, including the expense of taking the thing off."

The failure was due wholly to corrosion from the inside out-

ward. Certainly all of the plates, nearly a thousand in number,

could not all have been improperly ]>ickled, scaled and cleansed

before coating ; but tliey did receive from the tin bath a uniform

application of a tin and lead or other alloy coating, that pitted in

a dozen places almost every plate laid on the roof. I hardly think

it advisable for any one to approach that engineer for an order

for tin roofing plates even if backed by a strong guarantee.

The alloy of zinc, lead, autimouy, arsenic, etc., with the tin

used in the cans and vessels in which so large a quantity of our

daily food is now marketed, is a serious menace to the public

health. The most casual inspection of "the dump" that graces

all our cities, towns, villages, hamlets, and even the solitary cot-

tage beside the sea or 'neath the sheltering hill, cannot but con-

vince one of the dangers we are daily exposed to from the cumu-
lative poisons taken into our systems from this cause, and though

we as a nation are wont to demur to the too close inspection of and
interference in our so-called private affairs, matters are so fast

assuming a crisis stage from our greed for the almighty dollar,

with the sentiment as a ruling passion :
" No matter wliat lia])pens

so it does not happen to me," that relief and reform must be had,

even if national, state, city, and town inspectors and boards of

health one and all are called into being (happily if they could be
divested of all political character) for the purpose of curtailing and
controlling this growing cause of disease and death.
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The terror that lurks in the deadly tomato can is fast losing its

joke and becoming a sober reality. The benefits that arise from

a careful inspection of the metal wares enclosing food products,

even if the proceeding may partake too much of the paternal

government character, is strikingly shown by the examination of

the French articles so prepared, and a comparison of that tinware

with the best samples of English, German, and other Continental

countries, and noting its superior qualities, and how remarkably

they resist corrosion or change from any of the vegetable acids

in food or that du^i to fermentation. Oar American tin plate

manufacturers have much to learn in this matter, and miglit study

French methods of manufacture with better results than those the

imported Welshmen are striving to introduce.

Mr. Asquith, the Home Secretary, has certified to the English

Parliament that the processes of tinning and enamelling hollow-

ware, cookiDg utensils, and the canning for food products, are

dangerous and injurious to the public health, and asks for legisla-

tion to correct the evil.

The German Government has lately issued instructions to the

inspectors of food products, that in all domestic cooking utensils

and metallic cans for containing food the percentage of lead shall

not exceed 11% to 18^ of the tin in any case.

An alloy of three parts lead to one part of tin is of fre-

quent occurrence in American domestic tinware (imported plate).

Vinegar readily dissolves out the tin in this case, leaving the lead,

which is quickly acted upon and dissolved by hot water.

In a cup of tea or coffee drawn from water heated in a vessel

of this character, the lead is readily detected as being present,

and as it acts as a cumulative poison the danger in the use

of such ware is apparent.

An alloy of three parts lead and five parts tin is frequently

used to tin copper cooking utensils. These proportions contain

two times the amount of lead per unit of tin that the German
standard restricts the use of.

One of the most trying situations for the protection of his Avork

that the engineer has to deal with, is in the exposure of wrought

or cast iron water and gas pipes, througli the cinder beds or fillings

from blast furnaces, rolling mills, etc. Pitch compounds aj)plied

hot, afford some measure of ])i()tection over that of the naked

iron, but the creep of the ])ipes duo to changers in the tem}>erature

of the fluids passing through them, and of the surrounding earth,
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the conceiitratod action due to the sulphur in the cinder or ashes,

tlie port)us nature of the covering over the pipe and in which it is

embedded allowing the ready access of air and moisture from the

streets, ammonia and other fumes and liquids due to the decom-
position of a score or more of different bodies, all aided by the

vibration caused by the passage of heavy trucks, railway trains,

and kindred caiises, combine to render the problem one not easy

of solution.

A thick puddle of good clay of a thickness all around of at least

one-half the diameter of the pipe (and in case of pipes under

eight or ten inches diameter, the thickness should be equal to the

diameter of the pipe), if allowed to dry out well before covering in,

gives a good protection, and aids materially whatever compound
is applied externally to the pipe. I do not know of any case

where the pipes coated with magnetic oxide by the Bower-
Barif or any other process has been tried ; but it seems to the

writer that if there was any situation in which the merit of the

process could be demonstrated, this is one, and it is not one of

minor extent or importance.

The rapid destruction of the wrought and cast iron mains, as

well as the galvanized iron and lead service pipes of our Avater

and gas distribution systems, by electrolysis brought into action

by the use of the system of pipes as a ready ground connection

for our extended and fast-multiplying lines of electrical service, is

assuming so serious an aspect, particularly upon streets or loca-

tions where electrical railways are in use, as to call for serious

consideration by all branches of the engineering fraternity for

some method of protection other than now in use.

So rapidly is the destruction progressing, that in many places

the utter prostration of the water and gas systems may be looked
for within the next decade. Pipes now affected, removed and
replaced with new, but pass the corrosion further along to other

and weaker points in the line, until the whole system is becoming
honeycombed with points ready for failure on a little change in

the ordinary working conditions.

The return current from tlie single wire trolley system of elec-

trical car lines appears to seek out and take for its passage back to

the power-house the pipe system contiguous to the line, instead of

using the ground wire connections provided for it. The use of

the electric motor now contributing so much to the comfort and
conveniences of life in the form of electrically driven ventilators,
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pumps, elevators, and other small powers, is rapidly extending

the evil. The remed}", if not jn^ovided by the electric light,

heat and power companies in the form of taking better or

sole care of their product from its generation to its extinguish-

ment, will ere long be fonud in mulcting them for damages so

heavy that the small margin now existing between the dividend

point and a receiver will be wiped out.

Some experiments on a small scale of the Bower-Barff mag-

netic oxide application to pipes and iron exposed to electrolysis

action, appear to indicate its ample protective power. What
it wovild develop upon an extended system of water or gas service

remains to be tried. Tlie iron pipes and connections, if protected

by this process, would still leave the lead joints and lead service

pipes exposed to attack. Cement joints might obviate part of

the evil, but would render the main pipe line too rigid in

Fig. 307.

withstanding changes of temperature, and expansion joints are

not to be considered in pi))e lines of hundreds of miles in extent.

The electrical engineers as a body a])pear to have given this

question only a sort of a happy-go-lucky, or after-me-the-deluge

consideration ; but the hour is not far distant when they will be

walking the floor crying, " What shall we do ? " instead of their

water and gas brother who is now having his inning.

Through the courtesy of Mr Ralph W. Pope, Secretary of

the American Society of Electrical Engineers, I present a num-

ber of cuts showing tlio effect of electrolytic action upon the

underground water and gas syst(>ms of the country.
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These cuts illustrate a paper presented at the April meetings

of the American Societ}' of Electrical Engineers, New York

and Chicago, bj Mr. Isaac H. Farnum, E.E., and reported in

Fig. 308.

Fig. 309.

Fro. 310.

the April number Transactions American Society of Electrical

Engineers, Vol. XI., No. 4 This paper was discussed at the

May meetings of the said society at New York and Chicago.
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See May, No. 5, Vol. XI., Transactions American Society of

Electrical Engineers.

Mr. Farnum's paper and the discussions upon it bring most

of the accurate and available knowledge of the question down

to the present date, and can hardly fail to interest the members

of the American Society of Mechanical Engineers.

Fig, 307 shows the corrosion of a small iron service pipe from

the Cambridge (Mass.) gas system.

Fig. 308 is a 6-inch cast-iron water main from Milwaukee,

Wis.

Fig. 309 is a service pij)e from Albany, N. Y.

Fig. 310 is an iron gas service pipe from Brooklyn, N. Y.

The protective power of lime-raortar and liydraulic cement to

prevent corrosion in iron and steel under certain conditions has

been demonstrated by centuries of actual use
;
yet the facts thus

established are too often ignored by the engineer of to-day.

We do not have to turn back many pages of the record book

of success and failure, to find a remarkable instance of the latter,

in the utter collapse of the Bayliss patent wrought-iron water

pipe, that a few years ago was brought out as an indestructible,

imperishable article with a hygienic annex, to take the place of

cast-iron pipe for water distribution.

The pipe in question was made of wrought iron from j\ inch

to -^ or more inch in thickness, according to the size and pressure

to which it was to be subjected ; formed and riveted together in

the shop or worked to shape upon the ground from the sheets, by

a portable lot of rolls, punches and other tools needed, into

sections about five feet or more in length ; these sections being

tapering, and if shipped were packed in nest form couvenioutly

and chea])ly so far as transportation was concerned.

The tapering sections were laid in the pipe trench and lined

in situ with hydrauHc mortar, the large end of the section forming

the bell for the small or spigot end, the joint beiug made with

the cement, and the outside of the pipe was also covered with the

cement mortar, to the depth of an inch or more, all as far as

possible at one operation, depending somewhat upon the size of

the pipe, the location and the general conditions of the work,

setting of the mortar, etc.

The advantages claimed were a continuous pipe from end to

end, no matter what its size or length, of uniform strength, lined

with a non-corrosive and protective, tasteless and innoxious ceni-
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ent, and guanled from external injury and corrosion from acids

in the soil in which it was laid, and atmospheric inflnences, by the

same or a similar cement covering.

The projectors wlioUy ignored the difference in the co-efficients

of elasticity between the iron and cement, depending upon the

integrity of the lining to protect the iron from the water ; this

lining once broken admitted the water pressure to the iron, the

thin riveted joints of which it was impossible to calk tight ; the

pressure thus reaching the external coating, which was unable

to resist but a small head, cracked and flaked it off, and the de-

struction of the whole line of pipe followed rapidly, and as a

matter of course, after but a short period of service, most if not

all of the lines being abandoned and re-laid with cast-iron pipes

inside of ten years.

In general no attempt was made to coat the iron with zinc or

any coating, or to remove the scale of manufacture. When
the pipe was thrown out of the trench finally and broken up,

the outside coating came away, bringing witli it the scale and

oxidation under it as a porous plaster on removal takes away all

over which it was spread. The connection of the house-service

pipes with the main line gave no end of troiible to make and keep

tight, and the Avhole system was a forcible illustration of the

importance of those "next to nothings" that so often escape the

attention of the best engineers, and bring no end of disappoint-

ment to those who are financially responsible for the introduction

of the new idea.

ELECTRO-PLATING WITH COPPER AND ALUMINUM.

Possibly tlie most extended application for a single purpose of

the use of any process other than paint for the preservation

of iron and steel exposed to atmospheric attack, has been made
at Philadelphia, Pa., in the construction of the iron-work of the

tower of the new City Hall, now under process of erection and
nearly completed. I am indebted to Mr. F. Schumann, C. E.,

President of the Tacony Iron and Metal Co., Tacony, Pii., con-

tractor for the work, for the following data. The Scientific

American also describes and illustrates the process in the following

issues, the data for which was also furnished by Mr. Schumann.
October 22, 1892, Vol. 67, No. 17. Aluminum Electro-Plating

in Architecture.

September 9, 1893, Vol. 69, No. 11. Electro-Plating with Copper.
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This process is a double one. The first oue is designed to

protect the iron from rust by an electro-plating of copper of 14

ounces per square foot of surface, and a finishing coat of an alloy

of aluminum and tin of 2\ ounces per square foot, for color to

harmonize with the stone-work of the lower stories of the tower

;

also to prevent oxidation of the copper into a green coating of

verdigris.

The process was adopted as a substitute for paint, the period-

ical renewals of which would cost $10,000 per annum, the

primary coat of which was to be boiling linseed oil, in which all

material was to be immersed until they had attained the temper-

ature of the bath. The total weight of wrought and cast iron to be

protected is about 500 tons, and comprises 100,000 square feet of

surface, the largest single ])ieces being 16 columns 27 feet long

and 3 feet in diameter, weighing 10,000 lbs, each. These

columns received the copper coating inside as well as outside.

The outside coating, being most exposed, is a double one, requir-

ing two operations or baths, while the aluminum coat is given last

as the protective coating to all beneath it. Tlie cost of the whole

process varies from 40 cents per square foot to $1.00, depending

upon the sliape of the piece—simple plates, rods, angles, etc.,

costing the least, Avhile curved pieces, with large lugs, flanges,

with core holes, cost the most, the principal expense being the

cleaning, the greatest care being necessary to insure good work.

The capacity of the Tacony plant is about 250 square feet per

24 hours of from 12 to 16 ounce per square foot coating ; though

some recent improvements b^' Mr. J. D. Darling, manager of the

plating works, have nearly doubled the capacity of the plant, and

avoids the trouble from " spit holes," blow holes and stodgy

places, that give a great deal of trouble to search out and sohhr

up. The electro-plating covering, in these cases, evidently follows

the peculiarities of galvanizing, where the smallest needle-hole

will be coated, but will not fill up the crevice.

The manipulation to apply the process necessarily varies with

the shape and size of the piece. Suitable cranes, trolleys, hoist-

ing gear, trucks, etc., being provided to handle one of the large

columns referred to, the operation of coating it is as follows :

Tlie column is first immersed in a tank containing a strong solu-

tion of caustic soda, heated by a steam coil, and is boiled a num-
ber of liours to remove all the grease and oil due to the machining

process. It is then removed and thoroughly washed in water from
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a hose, tlieu placed in a second tank and pickled with diluted sul-

phuric acid until all rust and scale are dissolved and loosened,

then thoroughly cleaned with steel brushes and water, and goes

to the third tank containing the cyanide plating solution, and

receives its tirst coating of copper. It is then removed from the

bath and transferred to another tank, and given a coating of par-

athne wax iusv^e; thence to the fourth tank containing an ordinary

copper-plating solution, where it receives a heavy coating of cop-

per, about sixteen ounces to the square foot of surface. The
paraffine is then boiled off, and the column enters the sixth or

aluminum tank and receives a heavy deposit of aluminum, two to

three ounces per square foot. It is tiien well washed with pure

water and is ready for erection.

The columns and other pieces are brought into the electric cir-

cuit by wires passing around them like slings, and attached to a

conducting brass bar over the tank.

In the cyanide tank a current density of three amperes per

square foot is employed ; in the acid tank, ten amperes ; and in

the aluminum tank, eight amperes. Separate dynamos for the

several tanks are necessary, the developments being 1,000 am-
peres at six volts, 2,000 amperes at eight volts, and 4,000 at two

and a half volts.

Mr. Darling's improvements in the acid solutions enable cop-

])er to be deposited at the rate of twenty to twenty-five ounces

per square foot in twenty-four hours, that is as malleable and al-

most as smooth as rolled copper ; and copper deposits one-eighth

of an inch thick, or ten pounds per square foot, have been made
in twenty-four hours.

For rolled sheet-iron and steel, and in rods and shapes where

the surface is free from sand-holes, eight to ten ounces of copper

per square foot of surface will be sufficient, while on rough cast-

iron or steel work fourteen to sixteen ounces will be required.

Ti»ese amounts are greatly in excess of those given in books

treating on electro-plating, but practical experience shows that

the above amounts are necessary to give a protection that will

prevent any appearance of rust, and will last as long as the struc-

ture will stand.

For inside work, when the plating is used more for effect than

as a protection, zinc, tin or aluminum is added to the copper bath

to give a bronze appearance, and a coat of two or three ounces to

the square foot will suffice.
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The new Bourse building, to be erected in Philadelphia, will

have examples of both kinds of plating. The outside iron-work,

window-frames, etc., will have a heavy protective coat of copper,

while the inside work will be electro-bronzed.

In France, where copper-plating to protect iron was first used,

the copper was not deposited directly on the iron, but on a coating

of varnisli, rendered conducting with plumbago or powdered cop-

per, applied to the iron surface and allowed to dry. This was

done to avoid the diflficnlties of cleaning the cast-iron and the use

of two solutions in depositing the copper; as the article, after the

varnish was dry and the plumbago applied, was placed directly in

the acid solution.

This method gives a coating that is not firmly attached, and is

liable to be torn off by mechanical injury. The lamp-posts of

Paris and the beautiful fountains of the Place de la Concorde and

the Place Louvois are examples of this method.

The method used in America deposits the copper directly on

the iron, and the article so plated may be bent and twisted into

any shaps without detaching the copper deposit. As it is often

asserted that aluminum cannot be deposited from an aqueous so-

lution, tlie following information, furnished by Mr. Darling, may
prove of interest:

" Although aluminum is generally credited with indestructible

qualities, and high resistance to corrosion, it has but few qualities

that Avould make it advantageous as an electro-deposit upon other

metals ; for while in a massive state it resists atmospheric action

and retains a certain brightness for a long time, when it is depos-

ited electrically from an aqueous solution, which deposit is of

necessity of a more or less porous nature, it soon tarnishes and

assumes a dull, bluish-white color, when exposed to the direct ac-

tion of the elements. But for a protective coat, say for copper, for

which purpose it is used on the City Hall tower, it answers very

well, as the slight superficial oxidation that takes place, protects

the metal underneath from further attack, and the neutral color

that it assumes harmonizes well with the stone-work of the tower.

"Aluminum is no doubt more difficult to deposit than any other

of the common metals. This is because of the high voltage neces-

sary to decompose aqueous aluminum solutions, and the tendency

to re-dissolve after being deposited. Wo h:ive not got the ther-

mal data required to calculate the potential difTorence or electro-

motive force necessary to decompose the diilerent aqueous solu-
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tious of aluminum, hut reasoning from analogy, it mnst be several

volts in each case, and as water requires only a minimum electro-

motive force of 1.5 volts to decompose it, it would seem at first

glance that a compound which requires over two volts for its de-

composition in aqueous solution would involve the decomposition

of the water, and therefore would be impossible. But in reality

this is not so, as may be seen in the case of the caustic soda,

which requires over two volts. Yet sodium may be obtained by

its electrosis if mercury be present to absorb it and protect it from

the water. The fact is, that when two substances are present re-

quiring different E. M. F. to compose them, if the E. M. F. is high

enough to decompose the higher compound, the current is divided

between them in some ratio decomposing them both, and I find

by using a solution of aluminum that has but a slight dissolving

effect on aluminum, with a density of current of 8 amperes to the

square foot, with a sufficient high voltage (6^ to 7), aluminum can

be deposited on the cathode at the rate of one gramme per hour

per square foot, in a reguline state, and with higher currents it

can be deposited much quicker, but it will be in a pulverulent

state, which does not adhere."

Recent improvements in this process form the basis of a patent

for a proposed use of electro-copper plating for the protection of

ships' bottoms, applied quickly and cheaply in sections, by means

of movable and portable baths, the deposits overlapping each

other, the entire hull being thus treated during construction, or it

may be applied to vessels already built. How effectual this ap-

plication for the purpose named may prove, is a matter of some

doubt, owing to the difficulty of thoroughly cleaning the surfaces

to be coated, and which appears to be an indispensable condition

for success.

The irregular contour of the immersed parts of the ship being

plated in situ, as well as the porous nature of the copper deposit

requiiing a heavier coating than is absolutely necessary for pro-

tection, and whether some insulating or protective compound
interposed between the copper and the metal of the ship will be

required to prevent electrical action, all are questions to be settled

by the slow test of time, which does so much to upset the best-

laid ])lans of mice and men.

If effectual, the cost of ap))lication at even the highest price

named by the Tacony people, SI per square foot of surface,

would be small hindrance to its general adoption, it requiring

67
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only about $80,030 to coat our largest war vessel on its inside sur-

faces as well as the outside surfaces, joints iu the armor, and all

places not of ready access for the application of paint com-

pounds.

JAPANESE LACQUER.

The adaptableness of this natural vegetable product to the

preservation of metallic surfaces, as well as those of wood,

paper, and other fibrous bodies, has never received the attention

of engineers that the industrial importance of this method of

coating and protecting surfaces demands. The general idea that

its ap])lication is one of art, and is only adaptable to bric-a-brac,

is wholly erroneous. The Japanese use it for an infinite variety

of purposes—acid tanks, coating the keels of ships, highly finished

coach and decorative panels, and articles for domestic use, resist-

ing hot water, soap, and alkaline solutions. It may be truly said

that were it not for the bamboo and lacquer trees, life for the

Japanese would hardly be worth living. There is no reason why
the lacquer tree should not thrive in this country. Its sap, which

is used as the material for all lacquer work, is a natural essence,

and vastly superior to any varnishes used here. Unlike even

copal, which is an artificial mixture of resin, fatty oils and

turpentine, Japanese lacquer is a ready-made product of nature

that hardens into a mirror-like smoothness, never splits nor

cracks, and is of great durability. The art-lacquer work of

Japan is essentially individual, and ought not to be treated as

an undistiuguishable whole. The superiority of the art work

is due not only to the special merit of the material, but also to

the care and skill shown by the Japanese in the manipulation

of it.

There is as wide a distinction between the ordinary lacquer

tray or cabinet of commerce, and the exquisite lacs of the great

Japanese artists, as between a theatrical jiostcr and a canvas of

llaphael. Each of the great masters of lacquer has created a

style of Ills own, and has founded a school of which the traditions

have been kept alive by his successors for centuries. At the

Centennial Exhibition of 1870, in the Japanese department, there

were exhibited plates, pans, etc., evidently of a common quality

of lacquer used by sailors and others for domestic ]inrposes, also

some samples of a finer grade in trays and cabinet work, that
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had been sunk iu the sea over fifty years, and though covered

with barnacles and other marine growths were practically un-

harmed, so perfectly had they been protected by the lacquer. It

seems ahnost incredible that so valuable an article that can be

produced as cheaply as maple sap has remained comparatively

unknown in this country and Europe, at least so far as applying

it to the palpable protective purpose that nature evidently

designed it to be used for.

Mr. Hotta, a lacquer manufacturer at Tokio, has applied a

preparation of lacquer to tlie hulls of the iron and steel war ves-

sels lately purcliased by the Japanese Government. The appli-

cations made in 1886, and subject to frequent inspections, appear

to be of the most encouraging nature so far as preventing corro-

sion. The attempts to meet all the requirements in the cuss by

making the lacquer anti-fouling as well as anti-corrosive, also

appear to be eminently successful, as the coatings applied in 1S90

sliow no signs of either fouling or corrosion. The first applications

of an anti-fouling paint applied over the lacquer were failures, the

urushic acid of the lacquer attacking the metallic base of the

anti-fouling paint, resulting in the practical destruction of the

useful qualities of both. The composition of the several coatings

of lacquer applied to the external surfaces of the hulls varies

somewhat in character, the first coat being almost pure lacquer,

mica or kaolin in small quantities being added to the succeeding

coats to increase the covering power.

The data relative to the production of this natural varnish, the

mode of its preparation, etc., is very meagre.

It is gathered from the B.hus vermicifera, or called by the Japan-

ese, urufihi-naki, which grows to a height of about thirty feet, and

at the age of forty years is about forty inches in diameter. It

reaches its greatest perfection in eighteen years, producing then

the largest yield of lac or varnish. The climate and soil of at least

one-half of the area of the United States is as favorable for its

growth as that of its natural home in Japan.

The lac is obtained by making a number of horizontal incisions

in the bark, in a manner similar to the " boxing" practised for the

gathering of the sap of the terehintus or turpentine tree, at any
time between April and October. The lac obtained later than

this is thin and viscid and can be collected only with difficulty.

Tiie lac tapper cuts from six to eight horizontal gashes in the

bark upon opposite and all sides of the tree, up and down for a
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few feet in height, and when about a dozen trees have been thus

tapped the tapper begins to collect the sap which has oozed out

from the cuts, which at first is milky white and thick, but through

exposure to the air becomes first dark brown and finally black.

This crude lac is called ki-urushi. The tree is hacked in this man-

ner for from sixty to eighty days, or until it dies, when it is cut

down, the bark and sap-wood removed and steeped in hot water,

which extracts the last remnant of the lac, not more than a half

pint, which forms the poorest quality of the lac.

The lac is purified by straining it through cotton stuff, grinding

it on a paint slab, mixing it with water and then evaporating the

latter by heat.

The purest sort is bleached in shallow dishes in the sun. The

besn quality is called nashyi-unisid ; the next poorer kind, henki-

urnshi ; am\ the unbleached, jeshime-uriisJn. The black varnish

called roiro-urushi is made from the crude lac. There are about

twenty different kinds and qualities of the varnish in the market,

of which the above are the principal ones.

The operation of vnrnishing by the Japanese is essentially

different than witli us, the Japs applying their varnish directly

to the wood, less frequently to copper and unglazed stoneware and

porcelain. When applied directly to tinware the varnish does not

adhere, acting in this res]iect similar to the action of paint ui)on

zinc or galvanized surfaces. This difficulty could no doubt be

overcome by first coating the ware Avith an oxidizing wash that

Avould surface the ware and cause the varnish to adhere firmly.

Pure light colors and white cannot be produced from Japan var-

nish. When applied, the varnishes are generally brilliant black,

dark-colored, impure vermilion, or impure dark green or dark

gray. The drying is done in a moist atmosphere in twenty-four

hours, and if the articles to be dried are placed in closets or close

rooms to dry, means must be ])rovided for wetting down the walls

and floor, a condition wholly unlike the drying process of paints

and varnishes as practised by us.

Various colors are produced by mixing the pigments with the

jeshime-urushi quality, until the color is formed.

A very fine ])iece of art lacquer-work requires eighteen coats;

it never hdvH with time, but rather improves in color with age.

It bears a high temperature, and is totally unaffected by hot

watf;r, sea-water, acidulated mixtures, spirits, etc. The crude lac

is corrosive to animal tissues, and care is requisite in handling



RUSTLESS COATINGS FOR IKON AND STEEL. 1061

it, the sores formed upon the hands being identical to those from

nitric acid, and are ditficult to heal.

No trustworthy analysis of the crude lac is available. The
manipulation of the crude lac to form the various lac varnishes

iu the Japanese market is a trade secret, and as zealously

guarded as any that surrounds the mysteries of our own varnish

and ]niiut manufacturers, who practise the boiling of linseed-oil

through the bung-hole of the barrel, and who provide us with a

variety of paint compounds that are generally misnomers as pro-

tective coverings for any materials over which they are spread.

These trade secrets are not impenetrable, whether they be Jap-

anese, English, or other nationality. The secret processes sur-

rounding the manufacture of Russian grained leather Avere readily

brought "to light by the Yankee tanner who did duty, for the

nonce, as minister ]ileuipotentiary ; and that of Russia iron by

the practical ironworker iu the guise of a gentleman of fortune,

when a visit of curiosity to the Russian manufactory was re-

warded by just one momentary glimpse of the sandwiching of

charcoal dust and iron sheets, and their subsequent mastication

under the trip-hammer.

Given the crude material, the secret process, and the need of

the hour, the practical and successful result will not be long de-

layed. This at present appears to be the status of the Japanese

natural varnish.

It is hoped that the efforts of our future consular service will

be as energetic as in the past in searching out opportunities for

the development of American industries, and reporting upon the

state of the arts, agriculture, manufactures, and commerce in the

several foreign countries to which the consuls are assigned duty,

and which have borne fruit in the valuable volumes of Special

Consular Reports issued by the Bureau of Statistics, Department

of State for the United States. If this practical branch of polit-

ical science is pursued as in the past, it will not be long before

the cultivation of the Japanese varnish tree will be a feature in

the treeless wastes of our Western prairies, and a much-needed

and valuable addition be made to our practical knowledge of how
to protect our iron and steel structures from corrosion and decay,

that will he hardly secondary to the efforts of Bessemer, Siemens,

Wiley, the Cramps, Fritz, and others in creating them.

In conclusion the whole question of how i)est to protect iron

and steel from corrosion in all the varying conditions that the
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wants and usages of to-day demand, seems to resolve itself into

a category of Dou'ts, as the best method of answering, it to

wit

:

Don't use anything but common iron.

Don't have any scale on that.

Don't use anything but the best iron and steel.

Don't polish those.

Don't paint it with anything but pure linseed oil and oxide of

lead, or graphite, manganese dioxide, or lamp-black paints.

Don't let the air get to it if it is damp.

Don't keep it from the air if the air is pure and dry.

Don't let sea air, sea water, acidulated or sulphurous, ammo-

niacal or other fumes and liquids have access to it.

Don't think it unnecessary to protect it in any case, because

swords, armor and other bright articles of iron and steel have

been found uninjured by rust after an exposure of over 500 years

with no other protection than that afforded by the closed room in

which they were placed.

Don't think your own product would not under the same con-

ditions last as long as the piece of iron that was walled into one

of the burial chambers of the Pyramid, 3,000 years ago.

Don't put it into any location where it cannot be inspected and

its true condition ascertained at any time, by anybody, your suc-

cessor in the trust not excepted.

Don't think that magnetic oxide, electroplating, enamelling or

any other method of protection, will take the ])hic'e of constant

inspection, even if the coating is fired on by a columbiad.

Don't imagine because Cleo])atra's Needle has had to liave a

coating of wax to protect it, that it is not a good material to apply

to other substances than granite.

Don't let the cost and interest accounts be the governing factors

in the case of protecting any metal superstructure on whoso con-

tinuity and strength human life and safety depend. The old

story of " for want of a nail, the shoe was cast, tiio horse dis-

abled, a battle and kingdom lost," finds too many paraUels in the

engineering practice of to-ilay, until in some cases we seem to

need protection from tiio engineer quite as much as from the

decay of the materials with which ho experiments.

Don't imagine that Macaulay's Now Zealandor, who has

sketcluid the ruins of Englaiul's jiowor and greatness, and has

come to the New World to see how wo have fared from the gnaw-
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ing teetli of time, will not recognize amidst the ruins of our

Statue of Liberty, Brooklyn Bridge and other monuments of our

progress, the ominous streaks and stains due to the corrosion

not only of iron and steel, but that of the better class of metals,

and will exclaim, "We are wiser in our generation, and fear not,

and can control these forces that, like the Arch, slumber not nor

sleep."

Note.— The Railroad and Engineering Journal (Forney's), Vols. 64 and 65,

1890 and 1891, has a series of articles: "Chemistry applied to Railroads," by

Dr. C. B. Dudley, cliemist, and F. N. Pea^^e, assistant chemist, Peiin. R. R.,

Altoona, Penn. A part of the series relate to paint, its chemical natare, appli-

cation, adulteration, and other qiialiiies as applied to wooden structures, and give

the results of a lon^ extended series of experiments on paint as applied to rail-

wrtv purposes, tliat are well worthy of perusal. The papers are published

exclusively by the ab>ve journal, beginning September, 1890. Vol. LXIV., paper

No. 11, on "Paints." No. VI, October, 1890, on "The Working Qualities of

Paints."' No. 13. Decemher, 1890, on " The Drying of Paints." No. 14, February,

1891, Vol. LXV., on '^The Covering Power of Paints." No. 15, April, 1891,

"How to Design a Paint." No. 16, May, and No. 17, June, "Paint Specifica-

tions." No. 18, July, and No. 19, August, 1891, " How to Design a Paint."

DISCUSSION.

Mr. J. F. Rolloway.—Mr. President, I have no remarks to

make on the paper itself. But I have observed, as I dare say

most of the members have who are at this meeting, that in Mon-
treal a great many of the roofs are covered with tin and not

painted, and it would seem to me that there must be something

very peculiar in the tin, or in the atmosphere, that prevents them
from rusting, and I trust you will invite any gentleman who is

here, whether a member of the Society or not, who lives in Mon-
treal, to give us a rea.son of why it is that tin lasts so well on
roofs in Montreal. It is entirely different from what we are

accustomed to seeing down on the seashore or other places, where
tin roofs must be protected with a great deal of care.

Mr. Gusiavus C. Henning.—They pay a good price for the

material, and get tin-plate ; they do not get terne-plate, and they

do not get plate covered with lead and zinc or anything else.

But they nowadays use only steel plate covered with tin, and pay
a fair price for it. That is the Avhole secret. Of course, there is

no .salt water in the air here. The method of laying, obviating

cracks due to temperature strains, has considerable bearing on the

lack of corrosion. All seams and joints are laid diagonally on the
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roof, and hence expansioii and contraction are better provided for

than in the ordinary method of horizontal and vertical seams.

Mr. C. W. Nason.—I do not think that the use of unpainted

tin is peculiar to Montreal. I have observed it in many of the

Western cities. I think it is uncommon to paint it anywhere,

except on the seaboard. Inland, where we are far enough away
from tlie sea to avoid getting salt moisture from it, tin lasts fairly

well. I think on the New York Central road, excepting in large

towns where coal is used sufficiently to cause corrosion, that it is

not common to paint tin.

Mr. Wood, in his paper, under the group of " lotions," as he

terms them, has apparently omitted to mention a paint which is

sold in New York and elsewhere under the name of " P. & B."

It is a solution of asphalt or bitumen, suspended apparently, from

the unhappy odor which it emits, in bisulphide of carbon, and

although the men dislike it at first, they get used to it, and, once

applied, I find it more permanent than any of the paints that I

know of. I have used it out of doors and also for tank use. I

remember an instance of a railing out of doors which had been

painted for a number of succeeding years with coal-tar paint, and

where the metal had been so neg^lected that it had rusted throuofh

in blotches and spots. Two applications of this paint were put on

four 3'ears ago, and it is now as good as when first applied. It

has been found equally good for tank use. It resists oxidation,

and remains intact as well for brine as for water. It is so well

known that I think many of the members here must be familiar

with it, and I would like to know if tlieir own experience has

been equally favorable.

Mr. Gas'. (J. Ilenning.—On pages 1011, 1012, 1039, 1047, 1062,

1070, of this paper, the author refers to the corrosion of iron and

steel, its ])robablc causes, electric conditions, and other matters

which are well worthy of most careful study.

" Pi'cvention is better than cure ;

" and likewise, in large iron

and steel structures it may bo askcid, Why doctor them, instead

of keeping them in a healtiiful condition^ Small pieces may, no

doubt, be well protected by a rustless coating, which, at the same

time, may be ornainiMital or artistic, and is not injured by han-

dling. Large ajid bulky materials always receive rough handUng,

and hence it migiit be Ix^tter to resort to methods which keep

them in condition, after erection, it' possible, instead of dosing or

doctoi'ing them in the shops, and then only skin dee[). llow this
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can be done is a snbject of recent investigation, and as it is of

general interest, I wish to present the facts given below, taken

from The Journal of the Society of Chemical Industry, February

2S, 1804. London.

TVilHani Thomson, F.R.S.E., there states :

" I have hitely been experimenting to find the best protective

coating for iron and steel work, with special reference to struct-

ures whicli are situated in the neighborhood of the sea and

exposed to the spray of salt water. . . .

'' I observed that the oxide of iron paint, white lead, and the

ordinary paints of commerce had comparatively little protective

influence on the iron as compared with red lead ; the latter

showed no signs of corrosion, whilst all the others had deposited

a considerable precipitate of ferric oxide. . . .

" I took two small pieces of iron, attached them by copper

wires, the one to a plate of copper E was from a piece of new
mild steel (unworked). The whole of these samples were pushed

through a piece of cardboard, so that all could be immersed in

any liquid at the same time. By merely touching the copper

wires attached to each with the wires leading to a Thomson's

galvanometer, the direction, and, to some extent, the intensity, of

the current of electricity produced (if any) could be ascertained

by noticing to which side the spot of light was deflected and the

rapidity with which the deflection took place. On looking at the

annexed table it will be seen that A, the piece from the iron rivet5

and B, tlie piece from the steel hoop, when placed in sulphuric

acid and connected to the galvanometer, the rivet was electro-

positive to the steel at first, and thus acted the part of the zinc

or more easily corroded material ; but within a few seconds after-

wards the spot of light swung round in the opposite direction,

showing that the iron rivet had become electro-negative to the

steel. The piece of iron was then placed in contact with the

piece from the new steel rivet, C, small size, and the other to a

plate of zinc {Zn), these being allowed to stand in the saline

solution. It was remarkable to observe how rapidly the iron in

contact with the copper became corroded, and how completely

the iron in contact with the zinc was preserved from corrosion or

oxidation, not only on the part in the solution itself, but also on

that which was not immersed. After a few weeks an electro-

deposit of zinc was formed on the immersed portion of the iron

plate in contact with the zinc.



10.>6 RUSTLESS COATINGS FOR IRON AND STEEL.

'' It suggested itself to me as probable that for the protection of

bridges and towers it might be advisable to place a large ball

of zinc in wet ground in metallic contact with the iron of the

structure by means of wires, Avhich I believe would tend materi-

ally to prevent corrosion at comparatively small cost,

" I have lately been considering the effects of riveting iron and

steel on the one hand, and different kinds of steel on the other, in

the manufacture of iron and steel boilers, with a view to find

whether the contact of these different materials would tend to

cause corrosion in the one or in the other, by reason of the one

acting as electro-negative to the other, and so inducing electric

action resulting in oxidation and corrosion of one of the plates.

" I lately came across a peculiar effect produced on the Bowl-

ing hoop of a steel boiler which had been attached by iron rivets,

the Bowling hoop being deeply corroded at certain points, espe-

cially in the line along the outside edge.

" I had cut from the steel Bowling hoop a piece of steel j^g- inch

square by {| inch long, marked B, and from one of the iron

rivets of Low Moor iron I had a piece of similar size cut and

marked A.
" A hole was drilled through each near the top, into which a

copper wire was fixed ; for comparison with these pieces I also

obtained similar pieces in size and shape, which I marked G ; this

was a new steel rivet ; D was a steel rivet closed by machine and

held in the dies till nearly cold ; and the same effect took place,

the iron rivet being electro-positive at first and electro-negative

afterwards. Exactly the same thing took place when the iron

rivet was placed in contact with the second steel rivet Z>, closed

by machine; but when ]ilaced in contact with a piece of 'mild

steel, new, unworked,' E, the iron remained from the first electro-

negative, the mild steel being positive.

" The general results, as shown by the table on page 10G9, are

that the three samples of steel C, i>, and E, all react strongly

among themselves, and therefore it scorns to be quite as likely

that one steel plate may act as electro-negative to another steel

plate, as it is for a piece of malleable iron to act as electro-nega-

tive to a steel ])lato, although it may bo taken as a I'ulo that steel

corrodes more readily than iron when placed under unfavorable

conditions.

" Copper Avith all the sam))les was ' + ' in caustic potash and
* — ' in sul[)huric acid and chloride of ammonium solutions.
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" The + sign corresponds to the electro-positive, i. e., the zinc

element which becomes corroded, whilst the sign — corresponds

to the copper element, which does not corrode.

" !Mnch interesting work in this direction has been made
bv Mr. Thomas Andrews, Assoc. M. I. C. E., F. C. S., etc., vol.

Ixxvii.. Trans. I. C. E. ; also vol. Ixxxii., Part IV., 1883, 1884,

and 1SS5.

Combinations.

SuLPiiiRic Acid.

1 part acid + 9 parts
water.

Caustic Potash Solu-
tion.

Sp. Gr. = 1.311.

Chloride Ammonium
Solution.

Sp. Gr. = 1.033.

A and li + A nt fiisr.

+ B afterwards.

+ A at first.

+ t^ afterwards.

4- .4 at first

.

+ 7) afterwards.

+ E.

+ C.

+ B slightly, + D after-

wards.

+ B momentarily, then +
£" afterwards.

+ C momentarily, then +
I) afterwards.

+ Cstrongly at first, after-

wards becoming ex-
tremely weak.

Sometimes on one side
and sometimes on the
other.

+ B nt first, the current
rapidly going down to 0.

+ C very strongly.

+ D very strongly.

•*- ^ very strongly.

-F fat first fairly strongly,
then -i-iJ fairly strongly.

-(- B at first fairly strong-
ly, then reversing to +
D, reveising again to
+ B rather strongly.

•f B momentarily, then +
i^very weakly.

+ every strongly.

-1- ^fairly strongly,

-t- Every strongly.

-f A very strongly on con-
tinned action.

+ B very weak, almost
nil.

+ A very strongly, after-,4 and C

.4 and D

ward the current de-
creased to 0, but no
reversal

.

-1- A at first weakly, after-

A and E
wards -f D weakly.

-1- ^4 strongly at first,

gradually becoming
very weak, but showed
no reversal.

-1- 6' strongly at first, after-
wards very weakly.

-1-B strongly at first, after-
wiirda + D weakly.

-1- B strongly at first,after-
wards weakly, but no
reversal.

-1- f,' strongly at first, after-
wards weakly, but no
reversal.

-f ^strongly at first,after-

wards weakly, but no
reversal.

-1- D strongly at first. after-
wards weakly, but no
reversal.

B and C

B and D

B and £

C and D

C and E

D and E

'" He shows that in some combinations of steel of different

kinds with each other and with iron, that the one element, after

being electro-positive, gradually becomes electro-negative, and this

change will take place many times during contest with each other
;

in other cases the relative galvanic positions of the two pieces

of metal remaining constantly the same. Under such conditions

it seems an advisable thing that in making boilers some use should

be made of this simple means of determining whether the one

metal intended for use in the boiler would be likely to act strongly

upon another when both are placed in galvanic contact with each

other in a saline solution."

It is a well-known fact that when two metals form an electric
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couple a current of greater or less force is established, in conjunc-

tion with which there is chemical change. This change, as a rule,

is what is popularly called corrosion. It has been asserted that

all chemical reactions generate electric force, and all that is

required to start it is a proper medium to act as a carrier of

the electric current.

In the case of iron and steel this medium is a dilute solution of

acids in water, and sulphurous acid is a most ready re-agent, but

many others act equally well.

As the atmosphere contains more or less acids of various kinds,

which are readily absorbed by watery vapor, we can readily see

why, when this vapor settles on iron or steel structures as

well as others, chemical and electric action should take place at

once.

Locomotive engines, steamboats, excreta of animals and

vegetable decomposition all give off acids in greater or less quan-

tities, and as these, absorbed by moisture of the air, are precipi-

tated on metal structures, electric action occurs immediately.

This action cannot be arrested by any method of protecting the

metal by a rustless coating, for with the slightest defect in it

moisture w^ill enter by capillary force, and concealed corrosion

will grow apace.

The proper remedy to apply is, no doubt, to supply an electro-

positive metal, which has much greater electrical affinities than

any used in the structure, and then place it in such position

and relation to the structure that it will be destroyed and the

structure left intact. All that becomes necessary to protect the

structure permanently is to renew this mass of metal as it

becomes dissipated, and see that its electric connections with the

structure remain perfect.

3fr. M. P. Wood.^'—As Mr. Ilenning aptly remarks, " Preven-

tion is better than cure," but when the doctors fail to cure, or

even to j)r()perly diagnose the case, who shall decide, and what

sort of a chance for life has the })atient, be he man, bridge, or

steamship^

The tenets of a particular theology are, that Death came into

the world by sin, and the writer thinks that possibly oxygon must

have come along at the same tinu;, on the general ])rinciplo that

misery loves company ; and in pi-oviding for the extinction of

* Author's Closure, under the Rule».
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spiritual inattoi*s. it was wisdom to also have the material elements

ilisposocl of.

^[r. Ilenninjr's discussion relative to the electrical chancres of

iron and steel under various circumstances, as detailed in Mr.

Thompson's experiments, have been anticipated and referred to

in my article, a part of Avhich was overlooked and left out

of the paper as presented to the Montreal meeting. Had Mr.

Ilenning been aware of the full text of my article, his discussion

would have no doubt been upon a different line ; between us both

the matter is ver}^ fully stated, and need not be further com-

mented on by me.

The use of easily oxidized metals in marine, land, and locomo-

tive boilers to prevent corrosion, was primarily intended to pre-

vent the formation of scale, and its use for the partial suppression

of these two evils, if not entirely satisfactory in all cases and with

all kinds of water used for steam purposes, is at least generally

beneficial, and should be more extensively employed. Zinc has

been found the best metal thus far experimented with, and if

proper attention is had to frequently blow off or blow out the

impurities collected by the decomposition of the zinc, the boilers

are benefitted b\' its use ; but if this proceeding is neglected, there

is but little difference whether the scale formed is solely a com-

pound of mineral matter and salts in solution or has some metallic

matter in its composition.

The decomposition of zinc is always attended with galvanic

action, and how far this element may act in preventing the forma-

tion of scale or the corrosion of the materials of the boiler, or

whether its action is chiefly mechanical, remains to be settled by

further and more defined experiment.

It is but a few years ago that an anti-incrustator was extensively

experimented with by one of the leading railways of the United

States, where a few wires and metallic points and connections

made to the dome and other parts of the boiler were expected to

gather the frictional electricity generated by a boiler under steam
;

and, in connection with the galvanic action excited by the use of

impure water, threw down the impurities, one and all, ready to

be blown off. The use of zinc plates was finally thought to be

necessary in the chain of operations, and as this metal was found

to be in most cases equally, if not more, effective without the

mechanical device, the latter soon disappeared as a factor in the

case.
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That there is a continual electrical action of a most complex

character present in all boilers under steam, can scarcely be

doubted ; and the same action, but less apparent, is possibly

present in all constructions of iron when the different members,

formed of iron and steel of various compositions, made by

different processes, after various torturing methods of manu-

facture to bring them to the desired shape, are assembled and

put into duty under strains and conditions foreign to their nature.

It would be strange, indeed, did not some electrical energy manifest

itself, and call for some palliative if not protective means of

arresting decay. (See page 1037.)

How far an iron or steel roof or bridge truss, viaduct, or other

many-membered metallic structure could be satisfactorily wired

and connected to a mass of electro-positive metal, the decomposi-

tion of which should protect the structure, remains a problem for

the coming race of engineers to solve. Thus far we have but

little data to leave as an inheritance for their guidance.

The Engineering Maga3ine,Yo\. 7, No. 2, May, 1894, page 297,

lias an article from Henry "Wentz, Ph.D., relative to the preserva-

tion of metals subject to the corrosive action of mine waters, that

presents a radical change from the practice of the day in regard

to this difficulty.

It is well understood, the corrosive action in these cases is an

electro-chemical one, tlue mainly to the presence of copper and

other sulphates derived from the oxidation of pyritous minerals

as the mines are opened to the air, instead of a simple oxidation of

the metal.

In many mines this trouble is so serious as to attack not only

the mining pumps, water column, and all the connections, but

extends to all of the mine iron-work, ladders, dump-cars, track,

tools, etc. Several methods of preventing this action, wholly or in

part, are in use, viz. : tarring and asphalting the minor parts of the

underground machinery and appliances, and the use of copper,

brass, bronze, and other special alloys for the important working

parts of the same.

Dr. Wentz proposes as a remedy for this corrosion, whether

produced by superficial oi* internal voltaic currents, the electro-

polai'ization of all the incital-work of a mine as a nuiss, which shall

compose the negative terminal of a much stronger current, gen-

erated by a dynamo, while the corrosive liquid acts as the bath

for the positive terminal of the much stronger current from the



BUSTLESS COATINGS FOB IRON AND STEEL. 1071

dynamo, wliioli is carried down into the lowest mine sump and

terminates in a body of hard burned coke, being, in fact, a com-

plete exemplification of the moilern medical dogma, si/nUia slmil-

ibus cnrantur.

Could an alloy of some metal with iron or steel be found that

would, under atmospheric or other exposure, he jMssive to the

attack of oxygen or any corrosive gas or compound, it would

be of inestimable value to the world ; and if the presence of a

small amount of the metal nickel in the plates of an ironclad

man-of-war enables it to bid defiance to the heaviest bolts from

our modern high-power guns, some future experimenter may
yet find the combination of metal that will resist the insidious

attack of corrosion that unchecked will be more likely to send the

ironclad to the bottom of the sea than an}^ shot fired with hostile

intent.

Mr. Xason mentions the satisfactory use of a special brand of

paint under the trade-mark of P. & B. I have no experience

with this brand of paint, though if it contains, as Mr. Nason
thinks, bisulphide of carbon as the vehicle or medium for the pig-

ment, which apparentl}'' indicates that natural bitumen or asphal-

tum is the base or pigment employed, I cannot see why its use

should be in any great degree preservative against the corrosion

of iron. Sulphur in all its forms is eminently the enemy of ferric

substances, as much so, in fact, as oxygen, and, spread over the

surface of iron or steel, it could hardly fail, from its close associa-

tion with the metal, to promote the corrosion that its presence

seeks to avoid.

If the pigment with which the bisulphide of carbon was com-

bined was relied upon to correct any corrosive influences on the

metal covered by it, or if the bisulphide was used solely as a

dr^'er to the other liquid medium of the paint, I should still think

its use would be found unsatisfactor}'^, as the sulphur, if it did not

attack the iron or the pigment, would certainly cause whatever

oil was fomliined with it to form the paint to speedily decay,

and leave the structure wholly unprotected until the old coating

was scraped off and a new coating put upon it.

There are many paint compounds upon the market under all

sorts of trade-mark protection or notoriety. Many of these have
merit as protective coatings for iron, but the use of them is so com-
paratively modern that no record of much over ten or fifteen

years is to be had
;
and no paint under such a short period of test
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can claim to rank as tlie Moses that is to lead our perplexed

eno-ineering fraternity out of the troubled land where corrosion

stalks almost unchecked.

The Detroit Graphite Manufacturing Company are introducing

a special brand of graphite paint under the trade-mark of L. S. G.

Graphite Paint, prepared from a natural substance (amorphous

graphite) mined in the Lake Superior region of Michigan, that

appears to possess remarkable powers of resisting heat, acids,

water, alkalies, brine, and sea-water, sulphur fumes, etc., all of

which applied to surfaces coated with it under test conditions and

practice have been resisted with such satisfactory results as to

Avarrant the guarantee that its use is a sure protection against

rust or corrosion of any metallic objects under any circumstances

and in any climate.

Wooden surfaces coated with it and exposed to heat will char

without injury to the paint. A common cotton two-bushel grain-

bag was painted two coats with this paint in July, 1892, which

has been kept constantly filled with water ever since without

leaking. It has been frozen solid twice without injury, not a

drop of water has leaked, and it is apparently in as good condition

as when first painted, and good for many years more of similar

service.

The experiment of coating boiler tubes with graphite paint to

prevent corrosion, mentioned elsewhere in this article, was made
with this L. S. G. brand of paint, and after a year's ti'ial the tubes

are in almost a perfect condition without corrosion or scale, while

the tubes not painted in the same boiler are badly scaled and

pitted from the action of the water. This result is remarkable if

for no other reason than the extraordinary preservation of the

oil or liquid medium of the paint from the combined agencies of

moisture, heat, pressure, and scale qualities of the water used.

Under almost identical conditions Hint stones or silica melt

down to form water glass. It remains to be tested, liow far the

use of such paints will increase the cvaj)orative power of a boiler;

not alone by preventing the formation of scale, but by the added

power of the da,rk pigment to ti-ansniit tlio heat to the water,

being a new application of tiie well-known law, that bla(;k objects

absorb and radiate more heat than lighter colored objects whether

in dayligiit or at night, and why tlie inside of a steam boiler

should be an exception would be an anomaly.

An analysis of the pigment from whicii this brand of paint is
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made, by Prof. Albert B. Prescott, Professor of Chemistry, Uni-

vei-sity of Michigan, sliows that it is entitled to be classed as one

of the best of mineral ore pigments, the use of which is proving

more satisfactory in all respects than that of the oxides of iron.

Per Cent.

Carbon graphitic 38.39

Iron soluble as Fe- O' 0.41

Iron iusnluhle as Fe" 0' 3.81

Aluminium as AP 0= 1G.90

Calcium as Ca O 0.47

Magnesium as Mg 0.52

Silica as Si 0., 46.97

Moisture 0.13

97.60

Carbon dioxide, combined water, sodium compounds, loss, and

undetermined matter 2.40

100.00
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DXCIX.*

A JSrUW METHOD OF COMPOUND STEAM DISTRIBU-
TION.

BY F. M. RITES, PITTSBURG, PA.

(Member of the Socictj'.)

At the last meeting of tlie National Electric Light Associa-

tion in Washington a committee on data read a very interesting

report, from which the following extracts are taken

:

"It is somewhat unfortunate that it is the duty of this com-

mittee to procure and report facts instead of fancies. We listen

here to many fine economies and ingenious methods of saving,

and if we could report what a given installation ought to do

theoretically instead of what it does do practically we could

render a report more in keeping with the progressive spirit of

these meetings.

" We are requested, however, to furnish this convention with

the facts regarding the amount of coal used in actual practice to

produce a given amount of electricity. The information was

obtained by correspondence and furnished the committee in

amperes, volts, and hours on each circuit, and the amount of

coal used covering this period, including that used for banking

fires, etc. The aggregate electrical output for twenty-four hours

was then calculated and compared with the total amount of fuel

used, giving the watt hours per pound of coal. All improbable

and apparently erroneous reports were discarded, and the tabu-

lated statement herewith comprises intelligent replies from a

large number of the electric stations, including many of the

leading corporations.

" The great saving in operating large units is plainly shown

in the report ; . . . the best results do not compare favorably

with the results secured in generating power for manufacturing

purposes.
" In order to facilitate this comparison, we have prepared a

* Presented at the Moiitret)! iiieetiiig (Juno, 1891) of the American Society of

Mecliatiical Engineers, aud foruiintj pait of Volume XV. of the Transacliotii.
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table based ou 90 mecliauical efficiency in the engine and the

same efficieuej in the dynamo.

" Then ~
, - ,

—-^ = watt-hours per pound of coal.
(coal per hour)

"From this estimate of engine and dynamo loss, one and one-

half pounds of coal should produce 402.24 watt-hours. We
have a report from the Chelsea Jute Mills, of Brooklyn, N. Y.,

covering a period of six days, where an average of 653.3 indicated

horse-power was developed from a coal consumption of 1.482

pounds per indicated horse-power.
" If our percentage of efficiency is correct, and if we could

have a fairly uniform electrical out-put, this plant ought to be

able to produce over 400 watt-hours, or double that of the most

favorable report given us, more than double that of the next

best report, thirteen times the efficiency of the plant making
the lowest report, and between four and five times the average

efficiency of the whole report.

" We hope future reports by this committee will show a much
better average than 88.4 watt-hours for one pound of coal."

To the first natural feeling of doubt succeeds the conviction

that this report is true, and the question arises. Why should it

be so? It is impossible that competent engineering ability

should be confined exclusively to the manufacturing industries.

It cannot be assumed that the average intelligence of the

designers and operators of electric light stations is inferior to

that displayed in establishments of different character, and yet

the enormous discrepancy between the actual results and those

which should be realized surely deserves some attempt at

explanation.

It is but proper to note that the committee has chosen the

record of a very high duty as a basis of comparison, and that

the nature of the exacting service of electric light and street

railway plants precludes the possibility of a close approximation

to the highest economy under more favorable conditions ; but

these figures are entirely unexpected and incidentally somewhat
ridiculous considering the energy with which the last per cent,

of efficiency of the electric apparatus is insisted on by its users.

Possibly some reason for such a remarkable state of things

may be found in the miscellaneous engineering errors which
usually follow an ignorantly wasteful policy, but these are as

frequently met in other power plants. Perhaps, also, stations
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improperly proportioned and generally unfitted for economical

competition may be found in the list, but these are far from

sufficient to account for such universal failure to realize even a

moderate degree of efficiency.

There seems to be but one general explanation applicable to

electric light or railway stations which can account with any

degree of probability for such extravagant fuel consumption,

and that is the excessive wastefulness of the steam engine under

varying conditions of load.

With the small clearances of the average Corliss engine there

is little left for the single cylinder except the proper variation

of the cut-off to suit the load ; and with the same grade of high-

speed engine, with its comparatively greater clearance, little

more can be expected than a simultaneous variation of all the

functions of the steam distribution, after the manner generally

adopted. For a multiple -expansion engine, however, the cus-

tomer pays a much higher price, and has the right to expect

reasonably good results in fuel economy, which, however, he

seldom gets in the electric industries.

It is so generally known as to require no demonstration here,

that the cause of the increased efficiency of the multiple-expan-

sion engine lies in the reduction of cylinder condensation through

a proper division of the range of temperature between the cylin-

ders. Hence it is evident that the efficiency can be maintained

only with a constancy of the division of the temperature. That

this is seldom done is shown by the indications of the receiver

gauges of the average multiple-cylinder engine in electric power

service, where the vacuum frequently passes back through a

second receiver.

The indicator card, however, is the complete revelation of the

many curious features of abnormal steam distribution which must

of necessity lower tlie efficiency often below that of a simple

engine.

Designers have been usually content to provide a mechanism

which under approved but seldom available conditions should

produce an efficiency to compare favorably with otlier recorded

results, waiving responsibility for failure to maintain that effi-

ciency under varying conditions, and attributing it wholly to the

inconstancy or total absence of the requirements.

Recently there has been some interest taken in the subject of

uniformity of economy under varying loads, but, with perhaps a
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single exception, the mechanical designs placed on the market

have consisted of minor modifications of existing types rather

than the evolution of dis^tinctive features, based upon and suf-

ficient for the conditions imposed. Published results with tabu-

lated economies are often misleading by restriction of the range

of conditions.

Eecognizing the increasing necessity for a design of steam

distribution which shall overcome the wasteful tendencies which

have been described, the following method has been devised by

which the proper division of temperature between the cylinders

and the efficiency of the engine may be maintained by means of

a uniformly unequal variation of the interdependent valve func-

tions, and which has the advantage of adaptability to almost any

existing character of mechanism.

Fig. 311 represents a set of compound indicator diagrams

under conditions, as to load, which are assumed to be proper

for the highest economy.

Brief attention is called to the points of excellence in these

cards in order that the valuable features of the peculiarly vary-

ing functions may be appreciated as they are described.

The fall of temperature in the two cylinders is substantially

inversely proportional to the surfaces exposed for condensation

in the respective cylinders, after due allowance has been made
for the relative rapidity of the fall and recovery of the tempera-

ture. The compound curves, EH and Gil, representing the

division of the temperatures between the cylinders, are substan-

tially continuous and show a j)ractically limiting temperature in

either cylinder not encroached upon in the other ; that is, the

lower extreme of temperature in the high-pressure cylinder is

practically the higher extreme of temperature in the low-pres-

sure cylinder. All the compression curves, including that into

the receiver, approach but do not reach the initial pressures,

for in practice it is found unadvisable to correct exactly the loss

due to clearance by means of compression, on account of a greater

secondary attendant loss through displacement of the division

of temperature, except the engine be condensing.

The following method of constructing these cards in detail

will serve to indicate the prominent governing features of the

diagrams.

The line AB represents the higher extreme of pressure and
temperature, and the line CJJ represents the lower extreme.
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EF is tlie line of division of temperature determined by the

proper laws. With a good, generous high-pressure clearance

the compression curve BG is, drawn to a point not higher than

EF, and from E and G, with a knowledge of clearance and

receiver volumes, are drawn the curves EH and GTI to their

intersection H, which is the point of cut-off of the lower pres-

sure cylinder. The low-pressure and high-pressure expansion

curves follow as a matter of course, and the low-pressure com-

Fre. 311.

pression curve may be located independently of the other

features of the cards, but with due regard for the slight influence

it may have on the terminal of the high-pressure expansion

curve.

Individual designers may vary the method of the primary

construction of the cards without interfering with the essential

principles under consideration, so long as the results in prac-

tice agree and are high in the scale of engine efficiencies, but

the real problem to be solved is the proper manipulation of the

cards under varying conditions of load and steam pressure,

and a variation of the areas of the cards Avhile maintaining the

proper location of tlie division of temperature between the

cylinders. In meeting this problem the ordinary plans of gov-

erning through variations of the high-pressure cut-off alone, or

maintaining a uniform equality of cut-off in both cylinders, is

certainly not permissible beyond a very narrow range.

Figs. 312 and 313 represent lighter and heavier loads respect-
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ively. "With the lighter load the line E^ falls, and with the

heavier load it rises, much faster than if both cut-offs were varied

alike, but not nearly so fast as if the liighpressure cut-off alone

were varied. In Fig. 312 it will be noticed that the point

Fig. 313.

approaches the line EF, and recedes from it in Fig. 313, while

the curve EII becomes relatively shorter than HG as the load

decreases. Both compression curves vary in period and degree,

and with extremely light loads either may form a loop at its

upper extremity. The chief interest centres in the movement of
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the point G^, and, theoretically, it should vary along the compres-

sion curve GB (see fragmentary card, Fig. 814). Instead, how-

ever, of adhering rigidly to this path, the point should follow a

slightly different course, as shown in Fig. 315, with the end in

Fig. 314.

Pig. 315.

view of assisting the proper location of EF under the varying

conditions of load.

In Fig. 31G, all the cards represented in Figs. 311, 312, and

313 are superimposed, and will serve more readily to compare



A NEW METHOD OF COMPOUND SIEAM DISTRIBUTION. 1081

the peculiar features of the similar functions of tlie valve

niechauisui.

It will appear, then, that the method consists in a simultaneous

variation of all the valve functions in the same direction but

with different degree and period, and with particular reference

to the position of the line EF. Also that although an exact

compression to initial pressure is usually unavailable, except at

a single position of governor adjustment, yet the greatest depart-

ure from such a degree which is resultant on this method is

immaterial and is advisable for its beneficial reaction on the

position of EF.
With a governor controlling all the valve functions, the range

Fig. 316.

of variation of high-pressure cut-off is reduced to a minimum,

for the areas of the cards are varied in all directions at once,

and, incidentally, the danger of an engine running away with a

light load is avoided.

The above would be incomplete with nothing beyond a mere

allusion to the low-pressure compression curve. Convenience

would suggest that it be constant in character, but advantage is

taken of this opportunity to insist that its point of origin should

likewise vary with the other functions of the valves. Such an

action serves a double purpose—to assist in the maintenance of

the position of the line EF while reducing radiation to the

condenser or atmosphere with the lighter loads.
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If, however, this correction be overdone, as is often the case

where a single connection to a shaft governor controls all the

valve functions of both cylinders, an excessive loop in the com-

pression curve is formed. On the other hand if any one of the

three compression curves (and these include compression into

the receiver) are deficient with the lighter loads, a loop with the

low-pressure expansion curve is sure to result.

The designer is thus placed between two fires in this respect

;

but an error through a loop in the compression curve is of far

less consequence than in the expansion curve, and it is by atten-

tion to the compression curves alone that an expansion curve

loop with its attendant evils can be avoided.

Such a distribution as described may be so designed as to

avoid entirely an expansion loop, and it is difficult to understand

how the method can be improved ; for in each case of readjust-

ment the division of temperature is maintained as perfectly as

if the engine, while retaining its dimensions, had been purposely

designed to meet the momentary conditions Moreover, the

principles here involved, instead of being limited to one or two

special types, may be readily adapted to any existing character

of engine mechanism.

The foregoing is not claimed as an infallible cure for all of

the faults of electric light and power stations, but it is firmly be-

lieved that reasonable attention by designers of steam engines

to the question of maintaining high economy under variations

of load will go far toward enabling the committee on data to

" make more favorable future reports."

DISCUSSION.

M7'. Oeo. I. JRockwood.—I should like to ask Mr. Kites to

explain briefly exactly how he aims to preserve this constancy

of the division of the temperature in the two cylinders by his

method.

I ask tlie question because I believe the proposition of Mr.

Rites to be absolutely true, if I have a true grasp of its mean-

ing. He states that his aim is to vary the normal range in

temperature in each cylinder as little as possible under wide

variations in load. But I do not understand the meaning

of that paragraph on page 1077, esjiecially the first part,

where it says that the fall of temperature in the two cylinders
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is substantially inversely proportional to the surfaces exposed

for condensation in the respective cylinders, after due allo^\'ance

has been made for the relative rapidity of the fall and recovery

of the temperature. TVhat fall in temperature is here meant ?

That' of the steam or that of the cylinder walls ? I should su])-

pose that the temperature of the walls was dependent upon that

of the contained steam, the temperature of which varies with the

pressure and is independent of the amount of surface exposed.

But, leaving this, it is not clear to me that the new method

whereby he proposes to maintain his approximate constancy of

the division of temperature with change of load is either novel

where true, or true Avhere novel.

Quoting from the paper, page 1077, he says the " method has

been devised by which the proper division of temperature between

the cylinders and the efficiency of the engine may be maintained

by means of a uniformlv unequal variation of the interdepend-

ent valve functions."

To deal with the first part of this remark, there is little in the

paper to show what may be a " proper" division of temperature,

although the author makes many references to it. Any one who
can tell what is a proper range in temperature for each cylinder

of a compound engine will confer a great benefit. At present, I

think I am safe in saying it is not known
;
yet, as the best design

of compound engine depends in great part on properly fixing this

temperature division, there is always something left to chance in

compound engine designs.

Turning our attention to the second part of the quoted remark,

''the efficiency of the engine may be maintained by means of a

uniformlv unequal variation of the interdependent valve functions,"

all will doubtless agree that it is somewhat confusing. After

some study I conclude its meaning to be simply that the change

in cut-off in one cylinder must not occur as rapidly as that in the

other; that the compression, too, in each cylinder must be of

unequal amounts. But just how variable the relation of the num-
ber of expansions and the number of compressions in each cylin-

der must be to each other is nowhere stated in the paper. The
only information given is that there is great danger of overdoing

or of underdoing the matter. We must, therefore, turn to the dia-

grams shown in Fig. 316 to fully understand the novelty of the sys-

tem. Xow, whether these diagrams are correctly drawn or not

is of no consequence vital to the interests of the paper, except in
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one very important particular. Bat in this very particular the

diagrams of Fig. 316 appear to me to be absolutely wrong.

It should need no demonstration to ])rove that the point of cut-

off in the low-pressure cylinder cannot be varied in the manner

shown in the fig-ure, and the diagrams retain in an actual enc^ine

the shapes given them here. In any compound engine a sharp

toe will appear on the high-pressure diagram when the point of

cut-off in the low-pressure C3dinder has been so adjusted as to

take from the receiver the same volume of steam put into it by

the high-pressure cylinder. If the card having the toe A corre-

sponds with the card from low cylinder having cut-off at A\ then,

neglecting the effects of compression, A^ is the only point of cut-

off wiiich will constantly give a sharp toe as at A, B, and C.

Now, as to the modifying influence of a variable compression, not

only is the compression in high-pressure cylinder altered, as at C

,

B\ and A\ but it is also altered in the low-pressure cylinder at

A% B\ C\ and the effect of the change of compression in one

cylinder on altering the point A so as to give a cut-off in low

cylinder which will maintain the sharp toe A, J3, or C will mostly

counterbalance that in the other. But even if it did not, a mere

tinkering with the compression will liave little gross effect on the

size of the low-pressure diagram.

I believe Mr. Rites has stated in a previous paper that "drop"

at the terminal of the high-pressure expansion curve represents a

considerable loss of potential energy, and that, as the receiver

volume increases, " drop " must also increase—that all receiver

space means clearance space and implies drop. So I infer from

that and from this present paper that he really is following out

that line of thouglit, and is endeavoring to maintain the sharp toe

of the high-pressure card, paying much more attention to accom-

plishing this than to maintaining the constancv of the tempera-

ture division. I therefore have referred to the fact that the cut-

off in th(; iow-i)ressure cylinder cannot be made earlier, as at B^

or 6", and yet retain the sharp toe at B or C, without producing

either a loop at Cor a droj) at A; and to the fact that "tlrop" is

not necessarily pi'ockiced by receiver space. l>ut Mr. Rites ap-

})ai'entiy hiys stress on tiie abihty to shorten cut-off in the low-

pi'essure cylinder without i)ro(hicing eitlier a loop or " droj) '' as

forming, so far as I can judge, the chief feature of his new

method. Stress, too, is laid upon the impoi'lance of getting just

the right compression in the I'cceiver, although the curvature of
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the i*eceiver compression curve, as drawn in diag-ranis Fig. 316, is

SO slight as to be hariily noticeable.

I cannot understand why, from the part played by the receiver

compression curve in the new method, it should be deemed of im-

]>oriance.

For all that I can see, Mr. Rites's " New Method of Compound
Steam Distribution" resolves itself into a method for maintaining-

the toe A which will not maintain it, and a method for varying

the area of the high-pressure card by changing the position of the

high-pressure compression curve, which is not novel. So far, then,

from having evolved distinctive features, based upon and sufficient

for the conditions imposed, it seems rather as if here, indeed, was

but a minor modification of existing types.

J//'. 7?/V^6\*—It would appear from Mr. Rockwood's remarks

that he misunderstands the drift of the paper, and it will hardly

do to take the space to demonstrate all the points to which he

refers, particularly since they are mostly foreign to the subject.

Ilowever, the following notes may assist in clearing up the greater

part of these doubts.

(1) Regarding the objection to the term " proper division of

temijerature," let it be remarked that the writer did not presume

to }K)sitively state just what this division should be, and probably

knew as little about the point as his critic. On the contrary, the

article states plainly that the proper division of temperature is

assumed, and further suggests that other designers may easily dis-

agree in regard to the fundamental diagrams.

(2) The writer has as yet no data or cards of actual perform-

ance of this distribution, otherwise they would have been incor-

porated with tlie paper.

The figures are but sketches, and if the critic had investi-

gated further he Avould have found that the different portions of

the same card do not mate ; but they serve, as they were intended,

to illustrate the idea. On account of the small ranfje of the low-

pressure cut-off, and the following high-pressure compression, the

variation of the point of the toe of the high-pressure card will be

so slight that it could not be noted in the total range of cut-off

which is illustrated. It is also maintained, in spite of the asser-

tion that the low-pressure cut-off cannot be varied without alter-

ing the character of the toe, that the low-pressure cut-off can be

Author's Closure, under the Rules.
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changed without altering the toe if the high-pressure compression

is correspondingly varied.

(3) Kegarding the statement that the variation of the low-

pressure compression cannot materially alter the area of the card,

it is evident that all will agree that it is perfectly possible to go

to an extreme in the matter and so far change the area of the

card by such means that the engine may be governed entirely by

shifting the point of compression.

(4) The idea that the method is " but a minor modification of

existing types" is correct if modified. The method is really a

modification of the receiver compound, and it is not claimed any-

where in the paper that there is anything even approaching a new

type of distribution.

(5) The conclusion that the method resolves itself into a method

of maintaining the toe is also not warranted.

It is not desired to maintain this toe, and nowhere in the arti-

cle occurs a hint of such an aim ; but there is a description of

quite a dift'erent thing, which the new method will certainly

accomplish.
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CORROSION OF STEAM DRUMS.

BY JAHES JIcBRlDE, BUOOKLTN, N. T.

(Member of the Society.)

At the Eichmoud meeting of the Society, November, 1890,

there was discussed this topical question

:

Is tbere any reason why corrosion should be more active in one place rather

than in another, inside a steam drum, properly piped, to connect several boilers

in a battery ? f

The subject was suggested by some experiences of the writer,

and provoked quite a hvely discussion. Specimens of the cor-

FiG. 317.

roded drums were shown to the members present and examined,

and a number of theories were advanced to account for this curious

action upon the iron, but no apparently satisfactory cause was

* Presented at the Montreal meeting (June, 1894) of the American Society of

Mechanical Enginears, and forming ])art of Vol. XV. of the Transactions.

f Transactions of the American Society of Mechanical Engineers, Vol. XII.j

p. 518, No. 436.
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assigned. The subject excited such general in-

terest at the time, and since, that the writer deter-

mined, if possible, to trace the trouble to its true

source, and immediately began such experiments

and collected such data as would, in his opinion,

lead to this result.

In order that members who were not present at

the Richmond meeting may have a knowledge of

the case the following description of the drums and

their attachments will suffice :

The di'ums were made of iron plates ^ inch thick

and single riveted, were 24 inches in diameter and

48 feet long, and were located and piped to the boil-

ers, as shown in the accompanying sketches (Figs.

317 and 318), seven boilers to each drum. They

were erected and put to work in March, 1879, and

were kept in continuous service, day and night, six

days in the week, until the summer of 1890, when,

on account of their bad condition, it was found

necessary to replace them with new ones, which

were made 3 feet in diameter, and of the same length

(viz., 48 feet).

During the first few years that the old drums

were in use the boilers were not worked very hard

;

but as business increased, and more steam was re-

quired, the boilers were called on to produce more,

until they were apparently greatly overworked.

Previous to the increase of work, however, I

made a large number of calorimeter determinations

of the quality of the steam, and the mean for some

forty or more tests showed moisture equal to 4f^.

The demand for more steam continued to increase,

and to make matters worse it was decided, in Feb-

ruary, 1890, to shut down three boilers at a time for

cleaning, stopping one each night and starting one

each morning, thus making a continuous cleaning

process, so as to avoid the loss of one day each

month for cleaning them all at once, as had been

the rule. This compelled eighteen boilers to do

the work which twenty-one could not do prop-

erly.
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Early in 1801 it was decided to increase tlie boiler capacity of

the works, which was done by the addition of two vertical boilers

of about 130 H.P. each. The two new boilers were put to work
on July 1, and were worked in connection with the others, the

steam from all leading into one generiil steam-pipe.

No calorimeter tests were made from early in 1891 until

August, 1891, after starting the new boilers, so that nothing

definite is known as to the quality of the steam during the

time that eighteen boilers were made to do the M'ork of twenty-

one. The amount of evaporation, however, based upon the con-

sumption of feed-water, which was metered during a test of 141

hours, and which amounted to about 582 cubic feet per hour for

the twenty-one boilei-s, thus giving aboiTt 70 H.P. each, does

not seem excessive for boilers of this size, 5 feet by 15 feet (824

square feet). The new boilers furnish superheated steam at all

times, and, after this steam mingled with the steam from the

other boilers, calorimeter tests showed at times as much as 20^

of priming, although sometimes, when the demand for steam was
small, the tests showed a slight superheat. As a rule, liowever,

the steam was very wet, the mean for six tests, taken at intervals

from August 7 to August 28, 1891, being 6.82^ of moisture, and
for eight tests, taken from August 29 until September 3, being

10.44,'tf moisture, the highest at any time being 20;^ and the low-

est L84;^ ; so it is a fair assumption that with 260 H.P. of dry

steam from the two vertical boilers, mingled with the wet steam

from the eighteen horizontal boilers, there was such a large per-

centage of priming that it must have been very much more when
only eighteen boilers were in service. The particular stress laid

upon these calorimeter tests may seem foreign to the matter in

hand, but I am firmly convinced that they are the stepping-stones

to the solution of this problem, and have been thus particular in

mentioning them. Having a theory, at the time the new drums
were put in, as to the cause of the corrosion and the cure for it,

I had one of the three new drums piped differently from the

others.

It will be noticed from the sketches of the old drums (Figs.

317 and 318) that the 4-inch steam-pipes from the boilers led

into the bottom of the drums, no provision being made for the

return of the condensed steam and entrained water into the boiler

except through the steam-pipes. Two of the neAv drums were
piped similarly to the old ones, and one had the steam-pipea

69
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led into the side (Fig. 323), and a drip-pipe from the bottom of

the drum led into the boilers below the water-line, thus keeping

the drum at all times free from water.

All the new drums were kept at work from the sum-

mer of 1890 until the 30th of May, 1891, when I had

them opened up and made a thorough personal inspec-

tion of them. The result of this examination seemed

to confirm the opinion which I had formed as to the

trouble. The two new drums which were piped simi-

larly to the old ones showed unmistakable evidence of corrosion

in the same locations and in the same manner as their prede-

cessors, while the one piped differently did not show the slightest

indications of corrosion in any part.

Fig. 333.

^S^S^S'

Fig. 319. Fig. 320.

On August 2, 1891, following, two months later, I examined

them again. The corrosion in two of them seemed as active as

t-
-4-6-- H

Fig. 821.

ever, while the other showed no signs. I now determined to fix

one of those which was being corroded so that it could be kept

free from water, similar to the one which was piped on the
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side. I therefore had 4-iuch coppei-

sleeves made aud inserted iu the noz-

zles where the pipes entered on the

bottom, and extending up into the

dram about 6 inches, as will be seen

in the sketch (Fig. 320\ I then put a

drip-pipe into each end of the drum and

led it back below the water-line of the

boiler. This is similar to a method

adopted by Mr. Louis G. Engel, of the

Brooklyji Sugar Refining Company,

and a member of this Society, who has

had some trouble of a like nature with

the cast-iron fittings on the pi[)es

leading from his steam-drums. These

sleeves were put in on August 9, 1891,

and the dnim examined on Septem-

ber 5 following. The appearance of

the surface at this time indicated that

corrosion was ceasing. The corroded

parts seemed to be covered with rust,

and there was no place where corro-

sion appeared to be active.

On November 5, 1891, the factory

being shut down for repairs, another

examination was carefully made, the

result of which confirmed that of Aug-
ust 9. The drum having the sleeves

showed that corrosion was ceasing,

while the other one, piped like it, with

the exception of the sleeves, showed
that corrosion was still active, but

perceptibly less than before the addi-

tional boilers were put to work.

Examinations were again made on
December 20, 1891, and July 4, 1892.

At this latter time corrosion in the

drum with the sleeves had entirely

ceased. The drum without the sleeves,

piped on the bottom like the old ones,

showed that active corrosion was

Fig. 324.
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still going on. New spots had developed, and the old ones

were getting much worse. One spot on the top of the drum,

just over the outlet from one of the boilers, was particularly bad,

and a spot about 3 inches in diameter was being eaten away.

All the surface scale of the iron was gone, and there was evi-

dence that this boiler primed badly. The surface looked as

though it had been dashed with a mixture of steam and muddy
water.

Fig. 325.

On September 5, 1892, another examination was made.

The drum without the sleeves showed that the sores and corro-

sions were growing deeper and beginning to groove at the lower

edge, and had the appearance of water having run over them.

The drum piped on the side showed no corrosion, but its appear-

ance on the inside showed that the boilers attached to it must
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have primed very badly, the evidence of this being that there

was quite an accumulation of mud near one end, which was lower

than the other, and on which the drip-pipe had evidently been

closed. A sample of this mud, dried, is shown, and is no doubt

the surface scum and sediment which was carried over when
the boilers primed. Being firmly convinced that wet steam or

priming, or that the water brought out of the boilers into the

drum, together with the water of condensation from the surface

of the drum, being thrown up and kept in motion in the drum,

was the cause of the trouble, I decided to make an experimental

drum, to demonstrate, if possible, if this was true. This drum
consisted of a new piece of 6-inch iron pipe, 5 feet 6 inches long,

and was located on the top of one of the large drums. (See Fig.

321). The ends were plugged, and the steam was admitted into

the bottom at the centre through a 1^-inch pipe, and taken away
from the top, at 6 inches from one end, to a feed-water pump,

and was used continuously night and day for about nine months.

This experimental drum was not covered and had good exposure

for surface condensation. There was no drip-pipe, and the water

had to get out with the steam on its way to the pump. "When

taken down I had a cross-section cut from near the centre and

then planed in two longitudinally, and which I submit for exami-

nation. Photographs are also shown in Figs. 324 and 325, with

this paper. It will be noticed that on the inside, above where

the steam entered this experimental drum, the iron is corroded and
eaten in holes, and has every appearance of the corrosive action

seen on the large drums.

The water used in the boiler was " Ridgewood," an exception-

ally pure water for boilers, and had mixed with it a large percent-

age of water of condensation fi'om the copper coils of the vacuum
pans. The water was analyzed and nothing injurious to iron was
found in it. The fact that the boilers primed so badly was due,

probably, to the fact that the water was carried very high in them
(as will be seen from the sketch, Fig. 322), and the pressure was
very fluctuating, ranging from 40 to 80 lbs. at short intervals. The
demand for steam was also very irregular, large demands being
made on the boilers at times when the pressure was low; and
those who have had experience with vacuum pans know that

their capacity for steam is like that of a young pigeon for food,

they never get enough. A pan with 300 square feet of coil

surface will make away with 345 H.P., and then call for more.
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These investigations have convinced me that the method of piping

boilers with the end of the steam-pipe lowest at the end next

the boiler, so as to allow the water of condensation to run back

to the boiler, is a fallacy, and in my opinion not a drop of water,

while the boilers are steaming, ever gets back to the boiler by this

route, even if the pipes were vertical. The velocity of the steam

in steam-pipes of ordinary size is sufficient to carry along with it

any water which may be on the surface of the pipes, so that in the

case of these drums piped on the bottdm, all the water in them

had to go out with the steam, and had to go out as water too,

for it could not be re-evaporated. Estimating an evaporation of

only 2,000 lbs. of water per hour for one of these boilers, I figure

Water

* Fig. 823.

the velocity of the steam through a 4-incli opening equal to about

28.92 feet per second. No water could ever pass down through

this opening to tlie boiler, as it would have to start practicall}''

from a state of rest at the edge of the opening (see sketch. Fig. 320),

and the difference in its specific gravity from that of the steam

would not be sufficient to overcouio the velocity of the latter. I

believe that all drums receiving ste-am in the bottom should be

furnished Avitli sleeves extending up some distance into the drum,

and the water taken away with drip-))ipcs, and that all steam-

pipes should be drained away from the boilers, and the water

trapped out before reaching the engine.

The conclusions which I draw from these observations and
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experiments, which have extended over a period of nearly four

years, and have been carefully made, are

:

J^irst. That the corrosion is due primarily to excessive moist-

ure iu the steam in the drum.

Second. That moisture iu this case was due to the priming of

the boilers and surface condensation in the drum.

Third. That the trouble was aggravated because no provision

was made to take away the water from the drums by drip-pipes.

"What peculiar action takes place to corrode the iron, under

the above conditions, I am unable to say, and whether it is me-
chanical, chemical, electrical, or a combination of any or all of

those actions, is open to discussion.

DISCUSSION.

Pro/. F. R. Hutton.—The accompanying sketch, Fig. 326, is from

Fig. ;526.

a 3-inch cast-iron elbow, which stood at the bottom of the

descending column of a Bulkley condenser used near Port Henry,

on Lake Champlain, N. Y. The bottom of the elbow is worn
through to a film, with a hole in it, and the structure of the iron

which remains is opened into a sort of columnar form. It is an
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illustration of mechanical erosion by flowing water, as the pipe

should have been full of water all the time except, perhaps, just

at starting. Mechanical corrosion is a very common experience

where temperature changes, or changes of shape, can cause the

protecting scale of the sesquioxide of iron to be broken away so

as to leave a fresh surface to rust, and be again removed.

Mr. John J. Flather.—I would like to ask Mr. McBride if it

was not possible for there to have been gritty matter in this

water. "Water may be chemically pure, or practically so, and yet

contain a considerable amount of sediment. I would like to

know if in this experimental drum there were not particles of

sand or sediment of some nature that might erode the plates

somewhat in the manner of a sand-blast ; the appearance of the

plate before us would seem to indicate that the action was

partly mechanical as well as chemical.

3£r. J. F. Ilolloway.—I would like to say a few words in

regard to this. There seems to be a general impression among
the writers that have responded to the invitation to discuss the

subject, as well as with the author himself, that this trouble has

arisen from the erosive action of water, or of the water and such

gritty material as it may contain. A careful examination of this

plate will show that it is hardly possible that this could be so.

Erosive a.ction, such as is shown in the elbow of a pipe, is a

gradual and uniform diminution of the thickness of the plate.

But if you look at this particular plate you will find that it is

honeycombed, or, rather, that the erosion has taken place in spots

and streaks, and that it looks like the teeth of a comb, having

ridges of iron in between ; and that the erosion has not been

uniform and smooth. Inasmuch as the making of iron boiler-

plate is, I dare say, one of the lost arts, and there are perhaps no

gentlemen here who are now making boiler-])latcs of iron, and

this being an iron boiler-plate, I would say that the appearance

of the defect as shown would indicate to me that it was caused

by cinder in the plate, and that the action of the water, together

with whatever gritty material miglit bo in it, had cut out the

cinder, and had left the iron. There may be other samples Avhich

show dilferently. But if this was simply a thinning down of the

plate by erosive action of water, the same as if rubbed down with

sand-paper, it would show a smooth depression, and not a ragged

and toothed one, as is shown.

Mr. George R. Bahhitt.—My experience is conlii'mator}' of that
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of Mr. McBride, as detailed in this interesting paper. While

enjjafred in the manufacture of Corliss enoines I had an ex-

}^)erience which illustrated the erosion of cast iron by a current of

steam and water.

To make them lighter to handle, the exhaust-valves of the

larger sizes of engines were cored, thus forming a chamber in the

valve. The openings through which the cores were removed

were afterwards plugged steam-tight to economize clearance. To
finish the valve, it was pinned to the stem and then turned to the

diameter of the bored part. In some cases, through carelessness

of the workman or bad coring, the pins would penetrate the

cored chamber of the valve. In every such case, unless the holes

were afterwards plugged, in a short time the bridge or metal

between the openings in the exhaust-valve chamber would have

the appearance of having been worn as if by a sand-blast, exactly

opposite to the location of the open pin-holes in the valve. As

no other damage than the added clearance was anticipated by

the pin-holes penetrating the cored chamber, it was a mystery

what had caused the abrasion of the iron ; but upon investigation

of several engines it was evident that the escaping steam and

water through the pin-holes when the engine exhausted was the

cause of all the trouble.

2f)'. Carleton TT. Nason.—I do not think it is necessary to look

for any other than erosive action in this case. The water was

Ridgewood. It was nearly free from any agents that commonly
injure boilers, and it is hence improbable that any chemical cause

should be sought.

Mr. McBride admits in his paper that the boilers were entirely

insufficient for the work that they were doing, and that they were

being driven considerably beyond the point for which they were

designed ; therefore it is quite reasonable to assume that they

were priming to a greater or less extent, and that there was also

carried over with the water a considerable amount of boiler scale

and de|X)sit.

It is, however, further stated that the steam pressure at

times falls as low as 40 lbs., under which latter condition,

providing that the same weight of steam per second was de-

livered, the velocity under Marriotte's law Avould be increased to

— — X 29 = 50 feet per second, approximately.

There being no return pipe for conveying the water which lay
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in the bottom of the drum back into the boiler, it is evident that

this water, with its dirt in suspension, lay as a stratum, and, neces-

sarily covering the steam inlet pipe, it is quite apparent that

steam, on entering at the high velocity shown, came in contact

with the water and projected it and the material in suspension

against the opposite side of the cylinder. This naturally pro-

duced an erosive action quite analogous in its effect to that of the

sand-blast, and rapidly produced the effect which we have seen

on the plate exhibited by Mr. McBride.

Following the law of what may be termed erosive attack, any

small concave surface which might be formed under the cutting

action of the water and material in suspension would be rapidly

enlarged, and such holes as are shown in the plates would be

consequently formed.

With these facts in view, I do not think it necessary to look

for anything more than a purely mechanical cause as having

produced the results shown.

Mr. McBride.—In answer to Mr. Flather's question about

sediment in the experimental drum I will say that this experi-

mental drum was placed immediately on top of the large drum,

probably three feet from it, and all the steam that passed into

this drum came through the lower one. I never examined it, but

when it was taken down it was perfectly clean. By referring to

page 1093 of the paper you will find I mention that there was

evidence of a large amount of entrained water and condensation in

the drum that was piped on the side, principally entrainment, I.

think. The drip-valve from one end of this drum had been closed

for some time, and that end of the drum being two inches or so

lower than the other, water collected there, and I found on

examining it this deposit of fine clay.

As to the use and action of kerosene in boilers, in my case it

resulted in a bill of expense for renewing the tubes. It made the

tubes leak on the ends. I put it in to remove the scale, but had

to discontinue it because it made the tubes leak.

Mr. J. F. Ilolloway.—There can be no question, I think, in the

minds, certainly, of those who have spoken—I do not know what

is in the minds of those who have not spoken—that this erosion

here is due to the action of the water. But the question I raised

is, how does it come to make such a hole as there is in that plate,

unless there is a cinder in that plate ?

Mr. McBride.—I found the worst corrosion above where the
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steam entered the drum. The corrosion was worse there than

at any other place. But I found patches and spots elsewhere. The

sample of plate shown was cut out of the part of the drum half-

wav between the openings Avhere the steam entered, and not

directly in the path of any violent currents from the pipes. Some

of the other pieces were taken out near the end and some were

cut out near the top, so that all along, on the top and on the sides,

and where the cast-iron nozzles were riveted on the bottom, there

was the corrosion. Some rivet-heads were almost entirely gone.

In many of them there was not a sixth part of the original

rivet-head left.

Jdr. Joh7i T. HawMvs.—As the dropping of water will wear

away a stone, there ought to be little doubt that the same sub-

stance, heated, and caused to continuously impinge at a high ve-

locity upon metallic surfaces, should be competent to wear them

away. And as the rushing torrent wears the angular bowlder

into a rounded pebble, there is as little doubt that currents of

water passing through metallic pipes must wear away any parts

of such pipes as are called upon to change the direction of the

currents.

Professor Hutton's elbow specimen is a fair example of the latter

action, and Mr. McBride's experiments show conclusively enough

that the effects produced in his drums resulted from the more or

less violent impact of steam, water, or water-laden steam against

the surfaces which showed impairment.

In the drums, as at first piped, shown in Figs. 317 and 318, it is

quite certain that a part of the bottom circumference, under the

amount of priming his boilers generally showed, was always more
or less covered with water ; and it is not improbable that, gener-

ally, under his working conditions, the amount of water lying in

the drum was such that the upward currents of steam through

the entrance nozzles must continuously throw a fringe of this

water violently against the upper surface.

It matters little whether we regard the resultant action as a
wearing away of the oxide coating previously formed, to be again

formed when the drum was out of use, and thus repeated at inter-

vals of a long service fas advanced by me in a discussion of this

subject at the Kichraond meeting), or whether such oxide forma-
tion is more easily removed from such surfaces by such action

than a correspondingly slight portion of the metal itself would be.

That the parts of such a drum would be worn away under the
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given conditions appears to be certain, and the amount of this

impairment of the metal in a given time probably depends upon
the proportion of water entrained in the currents, the velocity

with which it strikes, and, possibly, somewhat upon the tempera-

ture and purity, or freedom from gritty substances, of the imping-

ing current.

If this view of the matter is correct, Mr. McBride's change in

the position of the entrance nozzles, from the bottom to the side

of the drum, as well as the introduction of the copper sleeves,

should, of course, ameliorate the trouble, if not entirely cure it.

In either case it amounted to turning the drum into a sort of dry

pipe, since both methods provided against the further entrainment

in the entering stream of water previously deposited in the bottom

of the drum.

The photographs show unequal erosion, as a sort of pitting ; but

this is, of course, accounted for by the lack of homogeneity in the

iron of which the plates were made.

I would suggest to Mr. Mc Bride, in way of further experiment,

that he attach both the entrance and exit nozzles to his drum at

the top, and arrange in the draining of the drum to leave water

in it at all times sufficient to cover, say, the lower quarter of its

circumference. Under such an arrangement the steam, or mixture

of steam and water, entering at the top and projected downward,

would encounter the water in the bottom of the drum, which

would probably serve as a shield against wearing awa}^ at the

bottom, opposite the entrance nozzles ; at all events, it would not

be amiss to institute this in further experiments if he still has any

doubts as to the real cause of the trouble.

Mr. L. S. Randolph.—This paper has been of exceeding interest

to me, as it would indicate that water very slightly charged with

sediment can produce corrosion by removing the iron-rust as soon

as formed.

What observations I have been able to make lead me to believe

that all cases of corrosion can be attributed to either chemical

action, due to the presence of acid in the water, or to mechanical

action, caused, first, by unequal straining, and the consequent

bending of the metal breaking off the iron oxitle as formed, or,

second, by the attrition of particles of solid matter or sediment

knocking the iron-rust off, and thus exposing the fresh metal.

Many cases of this mechanical action have been observed by

the writer. In this case the presence of mud in large quantities
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in the steam drum would readil}^ account for action described
;

but in the ex[)erimental drum, if the writer's understanding of

Mr. McBride is correct, the water was obtained principally by

condensiition, and consequently should have contained ver\' littlo

se<liment. The same may be said, as regards sediment carried,

for the case mentioned by Professor Hutton.

I have tried several times to determine whether water without

seiliment in suspension could produce this action, but so far to the

contrary, as every case has shown decided evidence of the pres-

ence of sediment in suspension in the water, and sometimes as if

the action were almost that of a sand-blast, or similar to the cut-

ting out of the elbows of sand-pumps used in putting down cais-

sons for bridge-pier foundations.

Mr. Paul IT. Grimm.—Observations which I have made since

the Richmond meeting have only confirmed the position which I

then took, that is, that the corrosion is due to the mechanical

action of the entrained water in the drums ; such water carries

with it a great deal of gritty matter, which, being projected

ajrainst the iron, will show the same effect as if corrosion had

taken place from chemical action.

"We liave a great deal of trouble in steam-heating coils, where

circulation is intermittent, and very often find cast-iron fittings, as

well as the ends of pipes where they are screwed into the fittings,

reduced to the thickness of paper. I fully agree as to the remedy

of this trouble in steam drums, and I have overcome the trouble

in steam-coils very successfully by establishing perfect drainage.

Mr. E. F. C. Davis.—I have read the paper on " Corrosion of

Steam Drums " with much interest, but the author has analyzed

the subject so thoroughly, and his conclusions are so obvious, that

I could not find anything further to say that would add to the

interest of the discussion.

I have realized, in my experience around the coal mines in

Pennsylvania, a great deal of trouble from corrosion of steam-

pipes, which we always supposed was due to the acid which is

contained in larger or smaller quantities in all the feed-water

obtainable at the mines. From the author's experience it would

appear, however, that even the purest water will corrode the pipes

and steam drums when carried through in connection with the

steam.

Mr. Cfias. E. Emery.—Corrosion in steam drums of the kind

described in the paper is new to me, but all my experience has
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been either with steam chimneys acting as superheaters, horizon-

tal drums, through the lower part of which there is a circulation

of w^ater, or vertical drums carefully drained. Some will recol-

lect that the boilers of the Steam Company, of which there are to

be eventuall}'" sixty-four, of 250 H.P. and upwards each, are sever-

ally connected by crooked horizontal pipes with the chamber of a

check-valve, with gag screw to make the same a stop-valve, such

check-valve discharging into the side of a main steam-pipe run-

ning horizontally, with a slight drop toAvard vertical steam drums.

These drums are made annular. The main steam-pipe to the

street connects with the central cylinder, and the annular portion

at the bottom collects water, which is withdrawn regularly b}'' a

trap. The steam enters the drum through tangential pipes, which

cause it to circulate around the interior of the outer shell, and

openings are provided to the interior shell below and at a con-

siderable angle from the inlets. It will be seen that these drums

are practically " separators," and they certainly have done their

work very well. The pipes of the New York Steam Company
were ordinarily laid to rise quickly and then run on a gradual

descent away from the boiler house, with traps at the lowest point.

In laying a 10-inch pipe on Madison Avenue, north of Fifty-

eighth Street, it was necessary, however, to have an ascending

grade for a long distance, and it was hoped that the water would

run back under the steam to the boiler house at first, when there

were but few customers connected to the pipe, and that afterward

it would be distributed to the various buildings so as to^ cause no

difficulty ; but the slight current caused by a few customers held

up the w^ater so tluit it would collect in considerable quantities

until it actually filled the pipes on the side of the streets, and the

heating apparatus of the buildings connected thereto. By locat-

ing only two traps on the slope in a distance of about a quar-

ter of a mile, the water carried forward by the steam was drained

out sufficiently at intervals, so that all difficulties were overcome.

Recurring to the paper, Mr. McBride is entitled to great credit

for his energy in tracing the difficulty to its source, and devising

such simple means to overcome the same.
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HEAT UXITS AXD SPECIFICATIONS FOE PUMPING
ENGINES.

BT ALBERT F. HALL, BOSTON, MASS.

(Member of the Society.)

The writer's experience in connection with the duties of

pumping engines has shown him that misunderstandings arise

as to the meaning of a test based upon heat units, and he hopes

that an explanation will not be unwelcome to those who have

not given the matter special study.

In all measurements of comparison it is essential that a fixed

and definite unit be adopted. The steam engine is a Jieat engine,

and the unit adopted for the measurement of its performance

is rightly taken as the unit of heat, and the number of foot-

pounds of work performed per stated number of such units as

the efficiency of the engine. It will readily be seen that coal

can never be taken as a standard unit, as it is of a variable

nature, and, even with any particular kind of coal, there are so

many things connected with its use as to render it unfit to be

chosen for measurement of comparison.

What is a uyiit of heat? Tiiis may be defined, according to

the most modern view.^, as the quantity of heat required to

raise the temperature of one pound of pure water from 62°

to G3" Fahr. It is sometimes called a British thermal unit

and abbreviated B. T. U.

It may be asked why the range of temperature is taken from
02^ to 03^, instead of the usual range from 32° to 33°. In

reply to this we cannot do better than quote from Professor

Peabody's remarks in his book of tables of steam and other

vapors :
" Nothing is known about the specific heat of water

from 32° to 33° Fahr. ; consequently the commonly accepted

valne of the thermal unit is an ideal quantity inferred from
the behavior of water at higher temperatures. It is more

* Presented at the Montreal meeting CJune, 1894) of the American Society of

Meclianical Engineerp, and forming part of Volume XV. of the Transactioni.
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scientific to take an easily verified quantity for the standard
;

and there is practical convenience in choosing 62° Fahr. for

the standard temperature, because it is near the mean temper-

ature of the air during experimental work."

The temperature of water at its maximum density has also

been taken as the standard, but the same remarks made about

the specific heat of water from 32° to 33° Fahr. also apply

to this case.

Professor Rowland's recent carefully conducted experiments

have shown the unit of heat to be equivalent to the work of rais-

ing 778 lbs. one foot high or one jDOund 778 feet high. This

work of 778 foot-pounds is called the mechanical equivalent of

heat, and is usually designated by the letter J, from the name of

Joule, who made many extensive experiments relating to it.

The reciprocal of J, or 1 divided by 778, is designated by the

letter A.

Why should we not take a pound of steam for our unit ?

Because the heat required for the generation of steam varies

with the pressure, and it requires more heat to convert water of

a given temperature into steam of 200 lbs. pressure than into

steam of 100 lbs. pressure. The difference is not great, but it is

enough to make such a unit of little value in accurate experi-

mental Avork. For ordinary work it is sufficiently accurate.

But why use such variable quantities as coal and steam for

units when the heat unit is just as simple to obtain and use, and

one which requires but little study to understand? It is cer-

tainly preferable to have a standard, about which there can be

little dispute, and such j^oints as have arisen are of such a

trivial nature as to have no effect upon the practical question of

the use of the lieat unit as this standard.

In order to have a clear idea of the practical use of this unit

let us briefly study the generation of steam. The operation of

the formation of steam from water of a given temperature may
be divided into three stages :

First, Raising the temperature of the water to that corre-

sponding to the pressure of the steam.

Second, Converting the water from this point into steam.

Third, Heating the steam and increasing its volume above

that corresponding to its pressure at saturation, or what is

commonly called superheating it.

During the first stage, the heat which has been given to the
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water is more than that iudicated by the thermometer, a small

additioual quautitv, sometimes called latent, being required to

obtain this temperature, that shown by the thermometer being

called sensible.

During the second stage, the amount of heat required is that

necessary to overcome internal and external resistances.

During the third stage, the heat is used to raise the tempera

ture of the steam and increase its volume, its pressure remain-

ing constant.

In tables of the properties of steam all quantities of heat

are usually reckoned from the freezing point, or 32° Fahr., and
the various stages are divided as follows

:

The quantity of heat necessary to raise one pound of water

of the temjDerature of 32° Fahr. to the temperature of the steam

of a given pressure is called the heat of the liquid, and is usually

designated by the letter y, the temperature being reckoned from
0° Fahr. and indicated by f.

The heat used during the second stage is called the heat of

vaporization, and is designated by r. This heat of vaporization

is divided into two parts—that required to produce internal

changes, and that for overcoming the external pressure or for

performing external work. The first quantity is represented by
the Greek letter p (rho), and the second by A x p x u—in which
A represents the reciprocal of the mechanical equivalent of

heat, as already explained
; p the pressure in pounds per square

foot ; and w the increase in volume, in cubic feet, above that

which the water had at the end of the first stage, p x u equals

the number of foot-pounds of work done against the external

resistance, in increasing the volume which the water had at the

end of the first stage to that which it has when converted into

steam. Now, if we divide this amount of work by the foot-

pounds of work equivalent to one unit of heat, or, what is the

same thing, multiply it by its reciprocal, we shall obtain the

heat equivalent of the external work.

The heat used during the third stage is called the specific

heat of steam under constant pressure, and is usually designated

by Cj,. Regnault found that for every degree Fahrenheit that

steam is superheated under constant pressure, 0.4805 of a ther-

mal unit is required.

The total quantity of heat consumed during the first two
stages, or that required to convert one pound of water of the

70
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temperature of 32° Fahr. into steam of any given pressure, is

usually expressed by the Greek letter A (lambda), and we have,

consequently,

X=:q + r = q + {p + Apu).

Suppose, for example, that we have steam of 150 lbs. pressure

per square inch above zero, or about 135 lbs. per square inch

above the atmosphere, as shown by the gauge. The total heat

required to convert one pound of water of the temperature of

32^ Fahr. into steam of 150 lbs. absolute pressure per square

inch is given in Professor Peabody's tables as

A =: 1191.2 B. T. U.

If we assume that the water at its entrance to the boiler had a

temperature of 98^ Fahr., then the heat required to raise water

of 32° Fahr. to this temperature would be ;

Consequently
q '-= 66.01 B. T. U.

1191.2 less 66.01, or 1125.19 B. T. U.,

have been given to every pound of water converted into steam of

the pressure of 150 lbs. per square inch above zero.

Let us also assume that calorimetric experiment has shown
that only 98;^ of the water was converted into steam, or, in other

words, that the steam contained 2^ of moisture. In this case

we have a mixture of steam and water, and must, consequently,

make allowances, since less heat has been used per pound of

water than that already obtained. The heat of vaporization of

steam of this pressure is given in the tables as

:

r = 861.2 B. T. U.

Since 0.98 of a pound of water was converted into steam, then

0.98 X 861.2, or 843.976 B. T. U.,

were absorbed by that part of the one pound of water which

was converted into steam. The heat required to raise the
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temperature of water of 32° Falir. to that corresponding to

steam of the pressure of 150 lbs. per square inch above zero is

q = 330 B. T. U.

And as aU the water received this amount of heat, reckoned from

32 Fahr., then

843.976 + 330, or 1173.976 B. T. U.,

are the units of heat required to raise one pound of water from

a temperature of 32- Fahr. to the temperature corresponding to

the pressure of 150 lbs. per square inch above zero, and to con-

vert jVo of ^ pound of water into steam of this pressure.

But, as the initial temperature of the water at its entrance to

the boiler was 98^ Fahr., and the heat of this water, reckoned

from 32" Fahr., was, as we have seen, 66.01 B. T. U., we have

the total quantity of heat imparted to the pound mixture of

water and steam, as

1173.976 - 66.01 = 1107.966 B. T. U.,

instead of

1125.19 B. T. U.,

required to convert all of the water into steam.

The understanding of this simj^le example is about all that is

required fully to appreciate the calculations based upon heat

units. There are, of course, allowances to be made in connec-

tion with various apparatus used ; but such considerations belong

rather to a thorough understanding of the apparatus than to an
understanding of the calculations as such, and the Transactions

contain ample examples of such applications in the report of the

committee on duty trials.

In det2rmining the quantity of heat used in the jackets, care

must be taken to avoid a common error. The steam in the

jackets is condensed under conslant pressure, and the heat given

up by each pound of this steam is the total heat reckoned from
32^ Fahr. required to generate steam of the jacket pressure,

less the final heat of the water as it leaves the jacket, and not,

as some have put it, this amount less the heat A x p x u re-

quired for external work.
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Having now discussed the measurement of the heat iised in

the steam, we shall touch upon the question of duty.

The boiler and the engine should each be tested indepen-

dently, for the reason that a good engine should not suffer from

a poor boiler, or vice versa, and because, as these are often fur-

nished by different makers, the merits of each ought to be known.

The rating of the " duty " of pumping engines upon the num-
ber of foot-pounds of work performed per 1,000,000 heat units

was first suggested by Dr. Charles E. Emery, "^ member of this

Society, and this unit has been very wisely recommended by
a committee appointed by this Society to investigate the mat-

ter. It has in it the elements of simplicity, and places all

engines upon an equal footing for comparison, which no other

proposed method does.

It must not be forgotten that coal has nothing to do with this

basis.

We are now prepared to examine two cases recently published

in the sjDecifications for pumping engines for two of our large

cities, and to point out the errors. More might be cited, but

these will be sufficient as examples. The first case is as follows :

"The duty required of the engine will not be less than one

hundred and twenty million (120,000,000) of foot-pounds, with

one hundred and forty (140) pounds of steam pressure at the

engine throttle.

" The equivalent of one hundred (100) pounds of coal being

taken as one million (l,0!iO,000) heat units."

" The total number of heat units shall be measured from

the temperature of the feed-water taken at a point where it

enters the boiler, to steam of the temperature shown by press-

ure gauges on the boiler.

Nothing is said in the opening paragraph about the basis

upon which the duty is to be made, and the amount of duty and

allowable steam-pressure arc spoken of in an unsatisfactory

manner.

The statement is then made that the equivalent of 1 00 lbs.

of coal will be taken as 1,000,000 heat units, which indicates

that coal is to be estimated from the number of heat units used,

the logic of which is not apparent, since the duty is really

based upon heat, as will be shown by the formula given for its

calculation.

* Page 21, Vol. VI., U. S. Contenuial Commission International Exhibition, 187G.
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There is not only an iuconsistency as to the basis of measure-

meut, but aii error iu the statement that the heat is to be meas-

ured to steam of the temperature shown by pressure gauges.

Temp?ratures are not shown by prrs-'-mre gauges. Compound

gauges have been made where the temperatures corresponding

to the pressures are given, but this is unusual, and as no such

gauges are required by the specifications the statement must

be considered as somewhat careless.

The formula for duty is as follows .

^ ,
Foot-pounds of work done ^ „„„ „ „„

Duty =: ^T^1r^ u ti— i-— M- A "^ 1,000,000.
Total number oi heat units consumed

Now, it is easily seen that the matter of coal does not enter

into the aboye computation, and the use of the expression is

entirely unwarranted and absurd ; the more so, since nothing is

said in the specifications about weighing the coal.

Had the requirements for duty been worded as follows, no

ambiguity would exist, and all would be simple and logical

:

The engine must perform the work of not less than one

hundred and twenty million (120,000,000) foot-pounds per one

million (1,000,003) units of heat when running with a steam press-

ure at the engine throttle of one hundred and forty (140) pounds

aboye the atmosphere, the heat utilized to be measured as fol-

lows :

Each pound of water fed to the boiler is to be debited with the

heat required to raise a/l of the water from the temperature it

has at its entrance to the boiler to that corresponding to the

boiler pressure, and the amount of heat required to convert 97/^

of the water into steam of boiler pressure from the temperature

corresponding to this pressure.

The formula for duty as already quoted can then be given.

The reason why the above directions " for the determination

of heat utilized " have been given is because there is a clause

allowing three per cent, for entrained water in the steam without

explaining how this allowance shall be made.

This wording for the calculation of heat is of vital importance
in principle, bearing in mind that the steam engine is a heat

engine. The determination of dnj steam, as has l)een done in

several instances, by deducting the moisture bodily from the
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feed-water, when such moisture actually enters the cylinder, is

entirely wrong. Although moist steam is considered detrimental

to economy, if it enters the cylinder it carries with it Jieat, and in

deducting such moisture we virtually debit the engine with less

heat than it actually used, and the deduction has no raison (Vetre.

Such a deduction also shows a lack of knowledge of the real

nature of the case, since there is no known law by which the

injury from such moisture can be calculated.

It has been suggested that it would be better to give the duty

per ONE unit of heat instead of 1,000,000, and thus still further

simplify the work. The idea of having a basis which would

be somewhat near the old coal basis was a good one, but we
could easily become accustomed to the other.

Another case will now be cited. The specifications say :

" The contractor must guarantee that the engine shall develop

a duty of a certain number of million foot-pounds, based upon
an evaporation of ten pounds of water from and at 212° Fahr.

per pound of coal."

This statement is very clumsy, and not only another misappli-

cation of the use of coal, but another basis for calculating duty.

To convert one pound of water of the temperature of 212°

Fahr. into steam of the same temperature, we require 965.8

B. T. U.

If we have used w pounds of feed-water, and have given to

every pound of this water H heat units, then

w X 11

is the total quantity of heat used. The specifications ask us to

ascertain how many pounds of water of the temperature of 212°

Fahr. would have been evaporated into steam of the tempera-

ture of 212° Fahr., with the same expenditure of licai, which is

found by dividing

«; X // by 0G5.8.

It then tells us to divide this by 10 and call it coal (it might as

well have said straw). We are then directed to divide the foot-

pounds of work done by this fictitious amount of coal and to

multiply the result by 100, tlie final result l)uing the duty ob-

tained. In algebraic language this is simply ;
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^ ,
Foot-pounds of work done ^,^-

Duty = ,/ X 100

965.8

1000 X 9(35. S X foot-pounds
~~ w X H (or heat used)

965,800 X foot-pounds
~~

wx H

which, in simple language, is merely the duty in foot-pounds of

work done per 965,b00 units of heat.

What excuse can be given for basing the duty upon 965,800

units of heat, when that based upon 1,000,000 would involve less

work iu calculation, besides being in harmony with modern

ideas ?

It is hard for those not acquainted with the true nature of

this matter to avoid the use of the ivord coal (coal itself does

not enter into the requirements), and the object of this paper

is to make the matter clear.

The writer would certainly advocate the appointment of a

committee whose duty it shall be to frame a series of forms to

be inserted in specifications for pumping plants to fit the various

conditions likely to occur in practice.

These forms should not only be accurately worded from a

technical standpoint, but should be expressed in simple and

correct English, to avoid all misunderstandings.

Although the writer does not advocate the testing of pump-
ing engines upon a coal basis, yet, as many do not hold the

same views, it would be well to include pi'oper forms for such a

basis.

For convenience of reference is appended the following

SUMMARY OF TERMS USED IN STEAM TABLES.

./ = 778 foot pounds = mechanical equivalent of heat.

A — feciprocal of -/, or 1 divided by 778.

p — pressure above zero in pounds per square foot.

u = difference between the volume of one pound of water of a

given temperature and that of one pound of steam of the

same temperature, in cubic feet.

C — temperature in degrees Fahrenheit.
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q — heat of the liquid, or the amount of heat required to raise

one pound of pure water from the temperature of 32^ Fahr.

to a given temperature.

r = heat equivalent of vaporization, or the amount of heat

required to convert one pound of pure water of a given

temperature into steam of the same temperature.

p = heat equivalent of internal work of vaporization, or that

part of the heat r required for internal changes.

Apu ~ heat equivalent of external work of vaporization, or that

part of the heat r required for external work.

r = p + Apu.

X=^q-\-r = q + p-{- Apu = the total amount of heat required to

convert one pound of pure water from the temperature of

32"" Fahr. into saturated steam of a given temperature.

Cp = 0.4S05 = specific heat of superheated steam of constant

pressure, or the amount of heat required to raise one

pound of superheated steam of constant pressure through

one degree Fahrenheit.

DISCUSSION.

3fr. F. R. Hution.—It will be noticed that the author, upon

the sixth page of his paper, credits the work of Dr. Chas. E. Emery,

member of this Society, with the first suggestion of tlie heat-unit

basis as a means of determining engine efficiencies. Some inter-

esting and creditable correspondence has come under my hand,

from the Chairman of the Committee of this Societ}^, on a stand-

ard method of conducting duty trials of pumping engines, in which

he expresses to Mr. Emery his regret that lie had not known of

this earlier suggestion of the heat-unit basis, that he might have

given proper credit when this method was recommended by that

committee. Mr. Emery in rc])]y gracefully disclaims an}' occa-

sion for regret, and points to tiie oi'iginal reference, pages 21 and

115 of the report of the judges of Group XX. of the Centennial

Exhibition.

Inasmuch as a table on page 121 of that rei)ort shows the

relative efficiencies of different kinds of engines compared on the

same basis, I desire to append that table in the discussion of this

paper, es]i(;cially as those rc^poi'ls are now becoming diflicult of

access, and the table is a most interesting standard for compara-

tive reference.
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While I had at first thought that it would be necessary to repro-

duce a large portion of the text in order that the table would be

understood, in conference witli Mr. Emery it has been decided

slightly to elaborate the headings of the table so as to include

explanations clearly stated in the text. In doing this, opportu-

nity has been taken to modify lines 2, 3, and 4 so that they

will refer to the performance on the same basis of the Milwaukee

pumping engine, built by the E. P. Allis Company from the de-

signs of Mr. Re^molds, reported by Professor Thurston at the

New York meeting, December, 1893, and the performance of the

Kewton (Mass.) pumping engine, reported by Mr. Dean, thus liter-

ally bringing the upper part of the table, showing the higher

efficiencies, down to date.

With the table thus modified before us, we may examine what

it really shows. In the first place, on pages 21 and 115 of the

report Mr. Emery not only made his comparison on the basis of

foot-pounds per thermal unit, but suggested that the result be

stated in the evidently equivalent expression millions of foot-

pounds per million thermal units, or per 100 lbs. of coal, with a

calorific value in practice of 10,000 thermal units per pound, which

he points out, equals very nearly the evaporation of 9 lbs. of

water at a pressure of 80 lbs. from a temperature of 100°. Eefer-

ring to column six, line three of the table, it will be seen that even

the most economical engine so far reported does not quite reach

an efficiency of 20^, and that the effioienc}'' of the engine and

boiler combined, for practically G9^ efficiency of boiler, is only

13.4^, or but little more than one-eighth the calorific value of the

fuel. This is on the basis that the ultimate calorific value of the

fuel is 14,500 thermal units (see page 74 of report). Mr. Emery
has kindly modified line two to show the highest performance

possible for the steam pressure and ratio of expansion used during

the test of the Milwaukee engine referred to in line three, but

wishes it understood that line two really shows a somewhat higher

efficiency than the conditions Avarrant ; for, although the water

condensed to furnish the heat expended in the performance of

work was included in making up the weight of feed-water, the

mean pressure Avas, to save time, Avorked out by the usual hvper-

bolic formula. We Avould suggest that Mr. Emcrj' could A'ery

properly make this feature the subject of a sjiecial paper at a sub-

sequent meeting. It will be observed that the efiiciencies are

Avorked out on the basis that the thermal equivalent of heat is
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772 foot-pounds, which was the best accepted vahic at the time

the article was originally written. The value of 7TS foot-pounds

has, however, been used in calculating lines 2, 3, and 4.

After submitting the above for Mr. Hall's closure we have

acceileil to his request to add column nine to the table, the quan-

tities ill which evidently equal 33,000 divided by those in column

five, and also accede to his further request to republish pages

20-22 from the original report which he declares very interesting.

Those who have access to the report will find pages 115 to 121,

which include the table herewith presented, also very instructive

and interesting.

Duiy of Pumps.

EXTRACT FROM GENERAL REPORT OF THE JUDGES OP GROUP XX., CENTENNIAL

EXHIBITION, WRITTEN ET CHARLES E. EMERY.

" Tiie duty of a vacuum pump may be readily ascertained by

simply noting the height of lift, and the initial and final tempera-

tures of the water lifted. All the heat of the steam not ex-

pended in work enters the water, and the work performed lifts

the same water. The difference in temperature gives very nearly

the number of heat units imparted to each pound of water lifted,

and each pound of water so heated is lifted a certain number of

feet high, so the result may be expressed readily in foot-pounds

per heat unit, and this may be changed into terms of the conven-

tional duty of pumping engines by simply fixing upon a standard

to represent the number of heat units imparted to water by one

pound of coal. Inasmuch as the duty of pumping engines is con-

ventionally expressed in the number of foot-pounds obtained by
the consumption of 100 lbs. of coal, and as a pound of coal in a

gootl boiler will evaporate over 9 lbs. of water at such pressure as

to impart 10,000 heat units to the water, or 1,000,000 heat units

for 100 lbs. of coal, the writer has proposed the latter as a con-

venient basis of comparison, since the number of foot-pounds per

heat unit evidently expresses also the duty in millions of foot-

pounds per 100 lbs. of coal. For ordinary comparisons, the num-
ber of millions duty equals the lift divided by the difference

between the initial and final temperatures of the water. For
more accurate computation, the divisor should be increased by
the number of heat units expended for work per pound of water

lifted, which equals the height divided by 772. The height pref-

erably should be calculated from the indications of a pressure-

gauge at the bottom of the discbarge pipe, so as to include
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frictional resistances. If D = duty in foot-pounds per 100 lbs. of

coal, H = the height of lift per gauge, and t and T = the initial

and final temperatures respectively, then

1,000,000 HD
t + .0013 H

" Arrangements have been made by the writer to use the same

basis in testing pumping engines by discharging water from the

hot well into the suction of the main pumps and noting the result-

ing increase of temperature with delicate thermometers.

" A vacuum pump tested by the writer in 1871 gave a duty, on

the above basis, of 4:^^ millions; one tested by Mr. J. F. Flagg

at the Cincinnati Exhibition in 1875, reduced to the same basis,

gave a maximum duty of Sy^^S- millions. Several vacuum and

steam pumps tested on this basis at the suggestion of the writer

about two years since, gave duties reported as high as 10,000,000

to 11,000,000, the very small steam-pumps doing no better ap-

parently than the vacuum-pumps, which is by no means surpris-

ing. Elaborate experiments made with steam-pumps at the

American Institute Exhibition of 1867* showed that average-

sized steam-pumps do not, on the average, utilize more than 50^

of tlie indicated power in the steam-cylinders, the remainder being

absorbed in the friction of the engine, but more particularly in the

passage of the water through the pump. Again, all ordinary steam-

pumps for miscellaneous uses require that the steam-cylinder shall

have three to four times the area of the water-cylinder to give suffi-

cient power when the steam is accidentally low ; hence, as such

pumps usually work against the atmospheric pressure, the net or ef-

fective pressure forms a small percentage of the total pressure,which,

with the large extent of radiating surface exposed and the total

absence of expansion, makes the expenditure of steam very largo.

One pump tested by the writer required 120 lbs, weight of steaiu

per indicated horse-power per hour, and it is believed that i\\c

cost will rarely fall below 60 lbs.; and as only 50^ of the indicated

power is utilized, it may be safely stated that ordinary steam-

pumps rarely require less than 120 lbs. of steam per hour for each

horse-power utilized in raising water, equivalent to a duty of only

15,000,000 foot-pounds per 100 lbs. of coal on the same basis

adopted for the vacuum pumps. With larger steam-pumps, par-

*See report of Messrs. Holuics, Selden, and Fmery, Judges, etc., Transactions

American Institute, 1^07-68.
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ticularly ^vhell thev are proportioned for the work to be done,

the duty will be materially increased."

Mr. Albert A. Cary.—The use of heat units in specifications is

by no means confined to specifications for pumping engines alone,

as we find, within the past year, a growing tendency among engi-

neei"s to call for guarantees of efficiency in boilers, in which those

bidding are to state the percentage of the total number of heat

units contained in the coal which they will utilize in the genera-

tion of steam, in their particular boiler.

The report of this Society's committee on " A Standard

Method of Conducting Locomotive Tests," in which the com-

mittee recommend the use of " a standard coal showing 12,500

B. T. U. per pound,"* to allow a fair comparison to be made
in the relative efficiency of different locomotives, tested at

different times, and besides the interesting paper read at the

Chicago meeting t by Mr. Barrus, describing the coal calorimeter

used by him and its field of use, seem to have stimulated

engineei*s to the use of the heat unit in their specifications, as,

prior to the time of the valuable papers referred to above, boiler

makei"s were never called upon to make such guarantees.

During the past year I can recall, among others, two specifica-

tions, one for boilers to be used in a pumping station in St. Louis,

where biddere were called on to guarantee GO^ efficiency for

their boilers, and the other specification came from Philadel-

phia, in which the bidders were asked to state the efficiency they

would guarantee.

In the first case—the St. Louis plant—a certain bonus or

premium was offered for each per cent, above the 60^ efficiency

the lx)iler might develop.

This, I certainly think, is a step in the right direction.

The old way of guaranteeing a boiler, based on its evaporation

per pound of coal, when we do not know how much heat is held

in the coal, is certainly very indefinite and unsatisfactory, and
what do we know, except, maybe, by some guessing comparison,

about the real efficiency of the boiler that has just been tested?

As was rightfully stated in the committee's report on locomo-

tive tests, " It is fully as important to know the character of the

fuel as to find the number of pounds of coal burned, and no test

can be satisfactory that leaves out the heat value of the fuel."

The fuel calorimeter has now furnished us with a comparatively

• See Transactions, Vol. XIV., p. 1317. f See Transactions, Vol. XIV., p. 816.
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simple method for determining the heat units Hberated in the

combustion of coal, and Mr. Barrus gave us the description of an

excellent form of this instrument at the Chicago meeting above

referred to.

Experience has proved that this method of determining the heat

value of fuel is not only, by far, simpler, but also more reliable than

that of making a chemical analysis from which to calculate the

theoretical calorific value of the fuel, as we are not yet wise enough

to predict the exact combinations which will be made in the

process of combining the various elements we are bringing to-

gether to accomplish combustion, and it probably is for this

reason that we find in so many specifications the statement that

the calorific value of the fuel is to be determined by the fuel

calorimeter.

Before closing these remarks it might be well to state that the

efficiency of the same boiler will be found to differ as different

fuels are used. Thus it has been found that a certain boiler will

utilize over 80^ of the calorific value of the fuel when petroleum

oil or a high-grade anthracite coal is used, but when some of the

low-grade Western coals are used, it is found impossible for this

same boiler to utilize more than from 40;^ to 50^ of the calorific

value of the fuel.

This difference does not apply to an\^ one type of boiler ; and,

therefore, it is not attributable to boiler design, but is rather

attributable to a lack of knowledge on the part of engineers, who

should study this subject carefully, and by systematic experiment-

ing make this fuel yield up a proper percentage of its heat in the

generation of steam.

Mr. Albert F. Ilall.'^—The writer desires to thank both Pro
fessor Ilutton and Dr. Emery for the interest they have shown in

adding to the value of his paper by their friendly contributions.

It is to be hoped that he will not seem to be claiming more than

his just dues in adding that among those who responded to an

invitation for an expression of views upon duty trials, the writer

alone suggested the heat unit as a standard, and that it was not

until after much persuasion on his part that it was adopted.

It is a pleasure to note Mr. Card's remarks and to learn that

there is a growing tendency to use the heat unit as a standard,

and also to note that the requii'ements for a standard coal to be

used in locomotive tests put these tests upon a heat-unit basis.

* Author's Closure, under tho Rules.
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DCII.*

A XBW RECORDING PRESSURE GAUGE FOR EX-
TREMELY HIGH RANGES OF PRESSURES.

BT WM. U. BRISTOL, HOBOKEN, NEW JERSET.

(Member of the Society.)

The gauge herein described and illustrated, altliougli it may be

adapted to ordinary ranges, has been designed especially for high

ranf^es of pressures and to supplement the sinuous tube and dia-

phragm forms of recording gauges previously described. f The

principal object has been to produce a gauge which would with-

stand working pressures of 1,000 lbs, or more, such as are employed

on oil pipe lines and hydraulic press work, without taking perma-

nent sets, and one in which the readings for increasing and

decreasing pressures would be the same. The writer has had dif-

ficulty in finding an ordinary reading gauge for high ranges of

pressure which has been at all reliable in these respects. In test-

ing and standardizing high pressure gauges the most satisfactory

results have been obtained with dead weights carried by a cap

covering an exact square inch of area. At the Stevens Institute for

test work, where high pressures are involved, a cylinder and plug

of accurately known cross section has been frequently employed

on account of difficulty to secure reliable high pressure gauges.

In Fig. 327 is shown the interior construction of a new recording

gauge in which readings agree perfectly for increasing and decreas-

ing pressures, over the entire scale. The spring part of the gauge

consists simply of a Bourdon tube of flattened cross section,

wound into a small helical form of four complete revolutions. One
end of the tube is rigidly fastened to a bracket with an opening

for the pipe communicating to the gauge ; and on the end, free

to move by application of pressure, a pen arm B is directly

secured. The diameter of the helical coil being only one inch,

* Prci-ented at the Montreal meeting (Junf, 1894) of the American Society of

Mechinical Engineers, and forming part of Volume XV. of tlie 2'ransactions.

f Transactions American Society of Mechanical Engineers, Vol. XL, p. 225,

No. 368; and Vol. XIV., p. .32o, No. 518.
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the actual motion of the free end of the tube is small, and as this

motion is distributed through the four complete turns of the tube,

it is evident that in the angular movement necessary to carry the

pen arm over the scale of the chart, the tube itself is not strained

to a point approaching its elastic limit. By this construction, the

necessity of multiplying devices is entirely avoided. By varying

Fig. 327.

the thickness of metal the cross section and the number of revo-

lutions of the tube, a helix adapted to any desired range of pres-

sure may be obtained even as low as five pounds per square inch

for the whole scale. In the manufacture of the helical tube there

is no difficulty in reproducing tliem to fit a standard chart, as

illustrated in Fig. 328, which shows a complete gauge ready for

application.
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In this instrument, as in forms of recording gauges previously

(lescribed, the pen whicli is directly attached to the helical tube

records with ink on a chart revolved by a clock movement once

in twenty-four hours. In Fig. 328 the total range is 1,500 lbs. per

square inch.

Fig. 328.

This gauge is the joint invention of Mr. E. H. Bristol and the

writer.

DISCUSSION.

Mr. GuHtxivus C. Henning.—This is a third kind of gauge pre-

sented before the Society by Professor Bristol, and I have asked

the question once before whether these devices take any change of

form during consecutive periods of action. This is a form which
is more likely to suffer from action on account of the mass of

material that must be in the tube to withstand the pressure, and I
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am inclined to believe, althougli I have not any experimental data

except the action of the common Bourdon tube, that there will be

a gradual change of the action in the tube. I would like to ask

whether any member has any knowledge from experimental

observation whether these tubes remain constant or whether they

change. I believe the first and second forms for ordinary'- and

very light pressures Avhich were described by Professor Bristol do

not show these changes or variations like the Bourdon tube. This

is a new thing, of course, and I would like to know whether this

heavier tube under heavier pressures will not show slight changes

of rating in the course of time.

Mr. J. F. IloUoioay.—I regret Yery much that Professor Bristol

is not here, in order that he might answer this and other questions.

I look upon the use of the recording gauge as one of growing-

interest and of growing importance. The constantly increasing

number of boilers which are being used in our country, and the

fact that so many of them in our cities and in other places are so

placed as to imperil, as I may say, the lives of people, I think render

it ver}'^ essential that some apparatus should be devised and used,

which will be a constant, reliable, and steady monitor upon the ac-

tion of such boilers. Boilers under pavements, boilers in vast apart-

ment houses, and boilers on steamboats, locomotives, schoolhouses,

etc., have above and around them always a large number of people.

The}"- are often not cared for to the extent which they ought to be,

because they are often located in positions not readily accessible.

Their record is of very great importance, and I think the Soci-

ety does well to give attention to any efforts that are made in the

direction of producing instruments which shall be an accurate

record of what is going on within them. But above all things it

is essential that such records should be accurate. When we depend

upon any piece of mechanism to do work of this kind, it should

be of such a construction that we feel ])erfect confidence in the

record it makes. A record which is not true is worse than no

record, because we become accustomed to I'ely upon it. Any
effort which may be made toward the production of any instru-

ment which shall constantly produce an accurate result is one

that we should all welcome and siiould be fflad to see brought

forward and come into very general use.

'J'he question which Mr. Ilenning has asked is a question tliat

was in my mind as well, as to wh(UJier tiiis ])ai'ticuhii' mode of

producing tiic record is one which will be reliable, and one which
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will be as good five or ten years from now as wiien it is put in,

and I simply repeat that if it fails to be continuously accurate, it

fails of the purpose for which it should be used.

I would very much like to know what effect would be produced

by the constant use of a Bourdon spring to make such a record.

Therp is one other feature. Springs of all kinds in instruments

attached to boilers are subject tcf great changes of temperature.

There are times, of course, when the steam from the boiler will

impinge on the mechanism which is to resist the pressure, and in

this case, of course, with this additional long-coiled spring, there is

more surface to be affected by this difference in temperature. Just

what effect that will have on the spring, whether the spring will

produce one result when the steam is in it, and another result

when the water is in it, is another question I would like to ask.

This, in many respects, is similar to a gauge, I think, that was

described in a paper read before the Society at some former period,

I do not remember what was said about it at that time, but I

would also have liked to ask what will be the effect of friction on

the mechanism which produces the time results, the clockwork of

the apparatus, when in some circumstances the pencil which marks

the diagram is near the centre of its motion, and, of course, subjects

the moving diagram to the least action, as compared to other cases,

when the pencil moves out on a larger diameter, and which would,

as it seems to me, increase the friction of making- the dia^am
itself. Of course, in any mechanism which is moved by delicate

clockwork we can understand that a difference in friction must

make a difference in results which ought not to exist.

Another feature which I think is very essential in an apparatus

of this kind is, that it should be of such a nature as to be unaf-

fected by the jars and shocks which are incident to all apparatus

connected with steam-engines and with steam-boilers, and that no

movement of the apparatus produced by any shock should affect

.seriously the diagram which it makes. In short, the truthfulness

of the thing is the foundation of it all. When it ceases to be

truthful it ceases to be useful.

The matter of reading the diagram is perhaps a little compli-

cated, but in that respect anybody would soon become accustomed

to it, although we are most accustomed to reading diagrams

which are in parallel lines.

I regret very much that the author of the paper is not present

to help us in understanding some of these points.
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Mr. F. 11. Laforge.—I have had an extended experience in

testing steam-gauges, and I may say that this gauge of Mr.

Bristol's is simply an extension of the Bourdon spring principle,

and, further, the Bourdon spring is not reliable. While I consider

the Bourdon spring gauge as good if not better than any other

spring gauge in the market, still I find that they do not continue

accurate and reliable for any length of time. Almost universally

the Bourdon spring weakens, and, consequently, the gauge indi-

cates more than the actual pressure.

The error in this direction is much greater when the gauge is

subjected to heat. As, for example, when the gauge is piped

directly from the boiler with no siphon in the pipes, or when the

ffaufje is fastened on the cast-iron front of a horizontal tubular

boiler.

The Bourdon spring gauge when wrong is usually wrong to

the same extent and in the same direction for all indicated

pressures, or, in other Avords, if such a gauge indicates twenty-five

pounds when the actual pressure is twenty pounds it will also

indicate five pounds above the actual pressure at all points in the

scale ; this is not true of other spring gauges : when in error

they indicate above or below the actual pressure and in varying

amount.

Mr. A. A. Cary.—After a considerable experience in experiment-

ing with springs made of different materials, I have found that one

made of tempered steel stood up better under work, and retained

its original sliape and elasticity much better, than a sjmng made
of any metal made hard by working and afterwards coiled or

sha])ed into tlie required form. Most of the Bourdon springs are

made of a tube of hard-drawn brass or similar metal, which tube

is formed into the familiar shape, and, as you all know, they

become affected sooner or later, and generally the accuracy of the

gauge declines with its age.

When in the spring business, many hundreds of springs were

brought to me, with orders to make other springs similar to

them (in strength, size, etc.) of tempered steel. Thus, being

obliged to test carefully springs made of nearly every metal and

material used for that purpose, I had ample op])ortunity to

compare the relative merits of all. During some of these experi-

ments I took compression springs made of hard-drawn wire and

several din'orcnt metals, ])ut them under a vibrator, which com-

pressed and released them a great many times, and I found they
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woukl always lose their spring-like qualities. After these experi-

ments, I wouUl replace these with similar, well made, tempered

steel springs, and almost invariably I would find them as perfect

as at the beginning, after thousands of compressions.

The onlv recording gauge I know of using a tempered steel

spring is one made by Mr, Jarvis B. Edson of New York. In

this instrument he has a circular plate of steel, forming a dia-

phragm which he marks or rather corrugates, in concentric circles.

The pressure of the steam strikes the under side of the diaphragm.

or spring, which is securely held around the outer edge, and causes

it to rise in the centre, and its spring qualities cause it to fall as

the pressure is reduced, and thus he gets practically a uniform

motion, which varies directly with the pressure. I have used a

gauge of this kind for a number of 3'^ears, and found it working

accurately after four or five years' service.

The explanation of this matter of the superiority of a tempered

steel spring seems to be that, after the spring is formed into shape

and is put into the fire for tempering, all the strain that is put on

the metal when the spring is being formed is relieved by the

heating process, and all the molecules of the metal assume a posi-

tion of rest in relation to one another, and thus the metal con-

tained in the spring is relieved of all internal strain when the

spring is at rest and doing no work. To illustrate this point, after

coiling a spring around an arbor, you will see, after a moment's

reflection, that the outer portion is under a strain of tension and

the inside of the spring is under a strain of compression.

Now, should this spring be used, still carrying these strains, and

have the wire composing it subjected to the additional strains of

torsion and bending (which it resists when in use), or should the

wire be relieved of the strains put upon it in the process of manu-

facture before being subjected to its natural strains when in use ?

Surely, there can be but one answer to this.

This strained and re-strained condition is just the one found in

all the springs made of metals which are made hard by working

and then formed into springs, depending entirely on the hardness

caused by making the metal for their spring-like quality, and not

upon any tempering. It is this kind of a spring that we find in

nearly every Bourdon gauge, so why should we wonder at their

failures ?

AVhen a steel spring is tempered, the application of sufficient

heat relieves the metal which composes it of all internal strains.
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besides imparting to it the quality which causes it to recover its

normal position and shape after its load is removed.

Mr. Bristol has overcome this multi-strained trouble in certain

springs used in his gauge, by forming a delicate spring of electro-

deposited metal (I believe he uses nickel). In order to do this, he

forms an irregular zigzag circle of some soft material like wax,

and then places that in his bath or solution and deposits the

required amount of nickel over it, and, after the spring is thus

formed, the wax is melted out.

Of course, the metal thus deposited is free from all internal

strains, and I see no reason why a spring thus made would not

work well for a long time, with the light strains put upon it in

its regular service, and I certainly believe it a much better spring

than those of hard-drawn brass, found in most of the Bourdon

gauges, though, of course, no metal can equal tempered steel for

a spring.

Mr. Thomas B. Almond.—I think Mr. Gary is getting very

close to the root of the subject. After we subject metal to the

distorting action of the hammer or the rollers, or wliatever it may
be, we get the molecules into an abnormal condition. They re-

quire time, vibration, differences of temperature, to get them back

into a normal condition. Where we draw brass tubes we have

certainly upset the metal and put every molecule into a condition

where it has a desire, as it seems to me, to get back or to get

away from that condition, and until it gets awa_y from that con-

dition it will be constantly making the effoi't to do so.

A very interesting thing has come to me lately in regard to

the coihng of steel wire. I had a large quantity of it to coil, and

it was so hard that I was unable to "oil it. It would continually

break, and in despair I put it to one side, supposing that it was to

be quite a serious loss to me. But the idea occurred to me that if

I ran it through a bath of boiling water as it went into the coiling

machine I might succeed. I rigged an apparatus so that it could

be done in that way, and every bit of the wire has been so coiled

without a single breakage, whereas, befoi'e that the breaks would

occur every few inches. They would occur so often that I could

not get a suitable length. It was necessary that I should coil the

lengths into IG feet. Mr. Gary has said that the tempering process

will bring steel into a condition where there is not an abnormal ten-

sion. I cannot quite agree with him, because this experiment with

the water proves to me that there is a continual tension of the mole-
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cules, that they are all under strain, and they are ready to take a

new form as soon as the temperature is raised to a sufficient degree

to jiermit them to do so. This has shown itself in this practical

way ; that is, that 1 have been able to change the form of the

steel, and change it so satisfactorily", when it could not be done

before, and because it luis all been done by change of temperatui'c

not amounting to more than 152°. It would seem to me to be

very innwrtant to consider this side of the subject, because it will

not only relate to tempering steel, but to every piece of metal we
are handling. I do not consider that this relates to a metal such

as Mr. Gary speaks of in the electric process of disposition. I

should think that that would be the condition in which the strains

ai*e the least ; in such a case I think the molecules will be arranged

in as nearly a normal condition as possible. Of course, when you

take such a metal as that and manipulate it by hammering or rolling,

or any process—spinning if you like—that must put the particles

into a condition in which they do not like to be. We are

crowding them out from the condition which we may assume to

be the natural one, and Mr. HoUoway, I think, has started a

|X)int which is very well worth considering in this connection.

Perhaps it is of more importance than we may want to give it, or

o^enerallv care to o^ive it. The idea that the Bourdon tube when
it is new will give us certain results is because at that time we
determine what the results will be ; that the same results will be

obtained from such a tube a year later, is not a fair deduction to

make. It is absolutely wrong. I do not think there is any instru-

ment that we may make practical use of that will not change, and

change continually.

After a metal has been manipulated, the first crystals formed

are very minute. There is a gradual tendency for them to become

larger. The tendency is accelerated by variations of temperature

and vibrations. These, constantly acting, will develop larger

crystals. The crystals will go on increasing in size until the

adhesion becomes less, and we get those mysterious breakages

which constantly occur. This subject is, to my mind, one of the

most interesting subjects that we, as mechanical engineers, should

consider.

Mr. G. C. Ilenning—The question which I asked was not with

a view of criticising Professor Bristol's gauges, which are vastly

different from the Bourdon, which we know is a variable machine.

The difference between Professor Bristol's gauges and all the
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others is that he uses the mechanism with infinitesimal motions,

while the Bourdon tube acts with considerable motion. In the

Bourdon tube the metal is as thin as it possibly can be with

the comparatively short tube and a great deal of motion which is

largely magnified by mechanism. If a tube varies ever so slightly

the variation is magnified many times by the mechanism. "We

have the Bourdon tube like this (Fig. 329) connected to tlie multi-

plying mechanism at b, and this tube must be

very fine in order to respond to tlie changes of

pressure within. Now, Professor Bristol does

the other method. He takes a very strong tube,

and in order to make it flexible o-ives it o-reat

length, and solders at tlie points a and h (Fig,

330) a strip of flexible material—flexible in the

direction of motion, but strono; enoufifh to return

like a spring. Now, his multiplication is ob-

tained, not by any mechanism as at h, c, d (Fig.

329), which might get out of order, or which might have back-

Fio, 3:50.
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lash, but simply connecting from the movable point h to a point

further distant, at d (^Fig. 330), and then let a })en d write a line.

He uses ditferent tubes for different pressures. The result is

this, that with these connections very slight changes of pressure

will bend this strip, a b, of metal in a direction to the right, and

as that is a mere strip of sheet metal, great flexibility is obtained

which does not bend the strip permanently, and the tube, not

being expanded on account of its great resistance, will always

return to its original condition. In the Bourdon tube, just as

soon as you overstrain it, it will never return, while the Bristol tube

does return to its original position so closely that no variation has as

yet been seen. In the new form there is a spring of one inch in

diameter—a Bourdon tube—but that one inch diameter gives him

a length of spring fourteen inches, because he takes four revolu-

tions of the spring. Then again he has no

mechanism between its free end and the

writing pen which will vitiate the results

of the spring, because he connects to the

end of that tube at h (Fig. 331) a long lever,

and the only resistance to the motion is the

friction between the pen d and the chart.

As the paper is moved by clockwork, inde-

pendent of the tube or the pencil arm, it

makes no difference how that clock is

affected ; the reading will be correct. But

the question that I asked was, whether the

slight expansions of that tube will not

gradually change the position of the free

end very slightlv. I know that the read-

ings of the same pressures will always be

at the same interval because the tube will not change, being heavy

in comparison to the original Bourdon tube, which is very light

;

but I thought the initial position of the point of the writing pen

might change on account of some slight variation in the tube. I

know it is not the Bourdon tube in the original sense, and is far

superior to any other gauge that has ever been made in the way
of a recording gauge. Mr. Holloway said that it was difficult to

read on a diagram on Avhich this indicator runs on the radii.

There is no difficulty at all. Instead of turning a dial, that clock

may revolve a cylinder under the point. It is simply a matter

of design, and it is most convenient to put a gauge up against the

Fig. 331.
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wall plate or any place, instead of having a revolving cylinder,

which will revolve horizontally or vertically, driven by the clock-

work the same way, in which case the pen would write a line on

the moving paper on the drum. It simply requires that 3'ou have

a continuous paper. The way Professor Bristol uses it, you can

leave the disk of paper in place as long as the clockwork runs, and

the curves will simply overlap each other. In other gauges, like

the Edson gauge, you have to remove your paper when the paper

is used up, and if that should happen to be at midnight you will

not know what happened afterward.

Mr. Hollowarj.—I simply want to say that what I said in re-

gard to the friction on the diagram, was with reference to what

was shown in the paper, not as to what Mr. Henning might

invent himself. I believe there is no cylinder shown by which a

parallel diagram may be made. I dare say Mr. Henning could

very readily make one. Mr. Henning made another point which

I cannot quite understand. I always thought it was easier to stop

a wheel by getting hold of the outside rim of it than by catch-

ino^ it near the hub : so I think the friction on the outside of the

periphery must have a greater effect on the action of the mechan-

ism than if produced near its centre of motion.

M7\ Helming.—The radius at which the fi'iction is applied

against the spring is not changed. The friction is always applied

at the same distance from the centre of force.

Mr. IToUoway.—I mean the friction of the mechanism that

turns the disk.

Mr. Henning.—That has nothing to do with the accuracy of

the pressure-readings. Friction would affect, perhaps, the time-

readings. If you hold your wheel at the edge, of course that

would stop it. Bat the friction to the gauge-spring is always

applied just so far from the centre of motion.

Mr. Ball.—Mr. Henning has spoken about the friction of the

pencil or whatever makes the record on the paper. As I under-

stand it, in the gauges I have seen, this record is made with ink,

and the ink flows from a pen that does not touch the paper. It

does not seem to me that that friction could be measured.

Mr. Henning.—I wish to say that the liquid used in that pen is

glycerine and water and aniline color. That liquid friction be-

tween paper and gauge, on a very sensitive gauge, is an

appreciable thing, but it is always constant. I did not mean

to say that it was a pencil, any more than it simply draws a line.
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It is sim])ly an open tube in which there is a solution of anihne

color in fjlvcerine mixed with a little alcohol or water. Unless

the liquid soaks the paper and the pen sticks in the paper there is

very slight friction, and we can neglect it.

Mi\ HoUoway.—I do not want to take up the time of the

Society, but I think it is due to the members that I should say

that I did not know the thing was greased.

Mr. James McBride.—I think Mr. HoUoway's point is well

taken. While the Thompson siphon recording device is a good

one, it is troublesome to attend to, and the engineer or attendant

is likely to substitute a pencil in its place. This creates friction

on the outside of the diagram and gives a wrong record. I think

I have seen some of them fixed in this way.

The President.—Do you think it is worth while putting up

instruments where the gentleman in charge would allow the men
to do such things ?

2fr. McBride.—No, sir ; but they do it.

The President.—Then there is no use in putting them up or

designing them ?

Mr. Ilolloway.—Mr. Bristol puts a lock on them.

Mr. Cory.—There is one point touched upon by Mr. Ilolloway

of no little interest, and that is the effect of temperature upon a

spring.

I have tried many experiments to answer this question of the

effect of temperature upon a spring (experimenting with tempered

steel springs), which have led me to the conclusion that, as long

as the temperature to which the spring is subjected when in

actual use does not exceed the temperature to which the metal is

raised in the final heating of the tempering process, the spring

will not be affected in the least.

To make clear what I have just said, you all, of course, know
that in tempering a steel spring, it is first heated to about a

cherry-red and then is plunged into a cold bath and cooled. This

leaves the spring, in most cases, too hard and brittle, and, in order

to reduce this hardness somewhat, we have to heat it a second

time, but to a much lower degree, and this heating produces, on a

polished part of the metal, what are known as the temper colors.

Finally, when the required color is reached (due to the rise in

temperature in the metal) a further increase of heat is checked by
a sudden immersion in the bath, and the spring is drawn (as is

commonly said) down to the required degree of hardness. This
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second and lesser process of heating is the one I refer to, and if

this temperature is not exceeded, when the spring is in use, tem-

perature will have no effect u))on its lasting qualities.

Mr. Almond has mentioned one point with which I am afraid

I cannot agree, and I feel sure that it is merely an error in

observation, which further experimenting will correct.

He speaks of passing his tempered steel wire through a bath of

boiling water, and claims that this temperature (which, of course,

cannot exceed 212°) affects the temper of the metal, reducing it

from a point of temper too high to coil on a small mandrel down
to a temper low enough to do this coiling successfully.

I was once connected with and interested in a long series of

spring-tempering experiments, which were made to decide points

in question during the course of a patent suit that dragged

through the courts for a number of years. This very question of

the effect of low temperature on steel springs was most prominent

in the suit.

This suit was carried from one court to another, and the evi-

dence that a temperature below 300° would affect the temper of

steel was proved so conclusively to be a fallacy that the suit was

decided again and again in favor of the concern with which I Avas

connected, who based their claims on this point.

These experiments proved that the temper of steel was affected

in a temperature above 300°, and all the temper colors were pro-

duced between that and 700° ; or, in other words, you can reduce

the hardness in a piece of steel that has been made as hard as pos-

sible, by the first regular operation of tempering, down to any of

the degrees of hardness represented by the different temper colors,

by merely putting it into a bath (air or otherwise) heated from

700° down to a temperature a little over 300°, according to the

degree of hardness required.

Mr. 0. W. Baker.—It should be remembered that the card is

revolved by clockwork, and unless the friction is great enough to

interfere with the action of the escapement an increase or de-

crease of friction would have no effect whatever in interfering

with the correct record. Even if the friction were great enough

to slightly retard the revolution, the amount of pressure recorded

would be absolutely correct. The only error would be that the

time at which a given pressure was attained, as shown by the

card, might bo a few seconds earlier than the actual time.

Prof. J. Burkitt Webb.—In the discussion on springs Mr.
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Almond stated that he had softened hard steel wire by boilino-

water, and lest this should be supposed to be at variance with

the wisdom of Solomon, that there is nothing new under the sun,

I will read a passage from Bourtie's Dictionary of Mechanics and
Enyintcring* published by Appleton in 1851. The paragraph is

as follows :
'* The knife edges for Captain Kater's experimental

pendulum were very carefully hardened and tempered in a bath

heateil to 430°
; being then found too soft they were rehardened

and tempered at only the heat of boiling water, after which they

were considered admirably suited to their purpose."

Now Captain Kater's experiment is described in the Philosoph-

ical Transactions for 1818, so that the use of a boiling water tem-

perature to soften steel is not new, though Mr. Almond may use

it in a somewhat different way. The knife edges of Captain

Katers pendulum had to be especially hard, and there is an inter-

esting: circumstance connected with these knife edo;es. Their dis-

tance apart had to be measured with great precision by means of

a microscope, and it was found that there was a difference of

six ten-thousandths of an inch between the results according to

whether the background used Avas white or black.

Mr. J. F. Holloway.—I did not get the impression that Pro-

fessor Webb seems to have in regard to Mr. Almond's remarks.

I thought he said that the use of hot water was for the purpose

of preventing steel springs from breaking more. He found that

in drawing them through hot water the results were better.

Professor Wehh.—The wire w^as so hard that it broke repeatedly

in the process of winding the springs; the hot water softened it

and prevented the breaking. That is the interpretation I put

u]X)n what he said.

Mr. Hollovxiy.—In the paragraph you read, didn't you say the

knife edges were hardened ?

Professor Welh.—They were hardened in the usual way, by
heating red hot and suddenly quenching them ; this made them
too hard, and so the temper was drawn by immersion in a bath at

430° Fahr. This made them too soft, so that they had to be hard-

ened again, after which the temper was again drawm, but only as

much as a bath of hot water would do it.

Mr. Almond.—The gentleman misunderstood me. I had bet-

* In sabsequent editions the name of Bourne is omitted, and the book is known
as Appleton s Dictionary of Mechanics. In the latest revised edition of 18S0,

called Appletc&on's Cyclopmdia of Mechanics, the paragraph does not appear.
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ter state exactly what the material is that I referred to. It is

No. 11 tempered steel wire furnished by the Washburn & Moen
Compan}'-, and the request was made in the order, for a wire so

hard that it would just bend over a mandrel, 270 thousandths of

an inch in diameter. To get that, and have it so hard that it

would answer my requirement and yet not break, is a very diffi-

cult thing to do, and to return it to them, if it is too hard, brings

about the condition that it may be too soft when it comes back.

That is to say, thinking it is too hard they get it softer than we
really want it. For my purpose I want the wire as hard as pos-

sible so as to get a very strong spring from the wire. As you can

understand, .270 is a very small diameter. Now this wire is

already hardened and tempered. I take it that if you warm a

metal that has been compressed by hammering, drawing, etc., you

help the molecules to arrange themselves, or bring themselves

nearer to what we may call the normal condition, and whenever

you do that you will get a stronger material. Now I have proved,

by having coiled up 500 lbs. at least of very hard—fire-hardened

steel— wire, that by passing it through Avater at 212*^ you can

form a continuous coil without breakage. I have coiled one piece

twenty-five feet long, and, as a matter of fact, a boy sixteen j^^ears

of age has run a full 500 lbs. of this wire—that had been con-

demned because of being too hard—through the machine, by its

having passed, during the process of coiling, through water at

212°. The whole of the coil has been coiled successfully without

any breakage, where breakages would occur previous to that every

six, eight, ten, or twelve inches, or something of that kind.

Mr. Tlolloway.
—"Was the temper drawn by the fact of passing

it through water of that temperature?

Mr. Almond.—That would depend on what you mean by tem-

per drawn.

Mr. ITolloway.—To an extent to be appreciable.

Mr. Almond.—Not to be ;»pj)reciable. I do not think that the

temper is drawn, in relation to the value of the material for cut-

ting purposes ; but it is as far as strengthening the material is

concerned. When I say temper T moan di-awing it so that it

reaches some particular color with whi(;h we are familiar. I think

that, whenever you heat a metal and also subject it to some vibra-

tory action, you permit tln^ moh^culcs to arrange themselves

according to a law, which undoubt(Mlly exists, and by such an

arranjjeraent brine: them into a condition which o-ives nmch
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greater strength to the material, and I thnik this Avill relate to

anv of the metals within certain limits. We all know what a

disturbed condition the molecules must be in after hammering,

rolling, drawing, spinning, or any of the processes that metals are

subjected to. As Mr. Brashear said to me yesterda}^, it is not a

larire number of degrees that we are considering ; we are often

considering a fraction of one degree. lie cited the case of rock

salt, which is a very peculiar substance, and which has been lying,

as you may say, dormant for centuries. The molecules have got

into what I consider an absolutely normal condition, and a sub-

stance under such circumstances Avill show many different quali-

ties from what it will show under circumstances such as that of

bringing matter into shape for the practical purpose for which"

we use it.

Professor Wehh.—There are some points Mr. Almond has not

made quite clear. lie stated that the wire was run through boil-

ing water. Xow, did it remain hot while it was being wound?

He said also that this wire was tempered steel wire, made to

order. Xow, was it tempered in the ordinary way by heating,

quenching, and drawing the temper ? I should like to hear exact-

ly the method of treatment and whether the wire showed a

color or was bright afterwards ; that is, whether there was any

color evidence on the wire itself to indicate its degree of hard-

ness.

Mr. Ahnond.—I am speaking about a fire-tempered wire, /. <?.,

wire passed through a furnace and cooled from a red heat in a

suitable medium. Many different concerns have different ways

of cooling their wire. Many manufacturers of wire draw or tem-

per their wire by different processes. They all draw it. That is

to say, they get it out of the hardened condition which it was in

after being made red hot and cooled.

Mr. F. A. Ilalsey.—Another illustration of the influence of

comparatively low temperature upon steel is found in the opera-

tion of straightening files by the file makers. The files are heated

in a lead bath and quenched in brine, from which they are re-

moved whde still warm, and in this condition are straightened.

I have no definite idea of the temperature at which the straight-

ening is done, but it will be sufficient to say that while the files

are warm enough to give off a slight cloud of steam, they are cool

enough to be liandled by the bare hand. In this condition they

are sti-aightened with surprising facility and dexterity, although
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if allowed to become stone cold, they would snap like pipe steins

under the same treatment.

Mr. George R. Stetson.—In order that the younger members

may not feel that we are dealing in exact science, I would say

that I was led to a series of experiments at one time to break bars

of round steel about an inch or an inch and a quarter in diameter.

This work I desired to do under an ordinary Fowler or drawing

press. I was led to the experiment by hearing that the steel jaws

used in facing bench vises which might be f of an inch thick by

I5 inch face were broken by putting them in hot water and cut-

ting tliem into lengths under a press.

I desired just the reverse of the action which the hot water had

in the case of the springs, and expected the steel to break much
more easily. I fixed up such a bath and tried the experiment. I

bad large quantities of steel to get to a certain length. I was not

fully satisfied that it was a fact that it did break more easily, and

abandoned the experiment without practical results ; so that, by

the use of hot water, I desired to produce exactly the opposite

results from Mr. Almond.

As to the matter of temper in hot water, in the instrument that

was mentioned by the Professor, I think that you would have to

study the quality of the stock to produce the desired results. In

very high carbonized steel, in the shock from the low red heat

(which it is desirable to give to that quality of steel) to the im-

mersing in entirely cold water or brine, 3^ou are very liable to

produce cracks ; and it is very common among ])ractical black-

smiths, if that condition prevails, to warm the water. By the

higher quality of the steel you get a solid j)iece of woi-k, and it

may be very hard, but under common conditions a blacksmith

would never think of warming the water to produce the hardest

results, and our common practice of drawing the tem]:)er of springs

by burning the oil shows where the heat has to be cai-ried to

get a spring under ordinar}^ conditions. Generally the flashing

[)oint of a common animal oil is the ])oint at Avliich the spring is

immersed, and if you want a kind and tough spring you will im-

merse to cool in oil, not in water. If you want it liarder, or a

lower grade of stock were used, you would probably put it into

water more or less hot. The elfect j)roduced would dei)eud on

the character of the stock.

In tiic discussion I wished to have it brought out whether a

steel spring would be affected by a lieat not greater than an ordi-
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iiarv boiler pressure of from 100 to 120 lbs. Wc Avould like to

know whether a spring tempered at 000° of heat would be deteri-

orated by a heat of from 212° to 230°, and whether, in the spring

tliat was being described, this heat would have a deteriorating:

effect. I think there is a constant motion in the molecules of

steel, and it does change in time; and with moderate heat it

would probably change more rapidly than if the heat were less,

or the more regular the temperature or the lower the temperature

in which the spring worked, the longer it would be liable to live

and retain its elasticity.

I am satisfied of the correctness of the theor}?- brought out in

the discussion as regards the springs and the gauges, that the

spring that has the least work to do will be the spring that will

carry its gauge the longest and the most surely. I believe in the

fatigue of metal. I had some experience in running an electric

railroad. "We had an engine in which the governor was of the

centrifugal weighted and spring tj^pe. We got the best springs

possible, but the railway service kept that spring so active that it

would last but a few weeks ; whereas, if it had been on a regular

load it would probably have lasted a good many years. It was
worn out by its constant motion trying to govern the engine, and
I am satisfied that that takes place wherever a spring is con-

stantly active.

J/r. Cary.—I would like to ask Mr. Almond how long it was,

after he first tried to coil that wire into springs, before he coiled

it successfully, using the hot water. As I understood him, he said

he received this wire and was obliged to lay it aside, thinking it

was useless.

Afterwards he took it up, using this process he described, and
succeeded in coiling it. How long after his first trial was it coiled

successfully ?

Mr. Almond.—I shall have to state this case precisel}^ as it

occurred. The whole subject was new to me until two or three

years ago. The first wire I got for the purpose was from Cary &
Moen. Mr. Cary, who is present, was once with that concern, I

believe. The wire was not satisfactory. It would keep breaking,

and it was one of the greatest disappointments to me to find that

I could not get a wire that would not break. They all told me
that my requirements were too severe, that I never would succeed

in getting a satisfactory material. I finally went to the firm of

Miller & Yan Winkle of Brooklyn. They are within half a dozen

72
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blocks of my place, and they were kind enough to do what they

could for me in the way of tempering the wire. They said, " Mr.

Almond, if our wire is too soft for you we will make it a little

harder, and we will keep on making it harder until it is so hard

that 3'ou cannot use it." Well, the}^ did. The hardest wire they

gave me was a little short of what I wanted. Now, I found that

in repeating my orders I did not get the same results, and, as a

matter of fact, I never have succeeded in getting such results as

would give me uniform conditions. In despair I went to the

"Washburn & Moen people and asked them \vhat they could do,

and they said they did not know what they could do, but they

would do the best they could. I gave them an order for 100

lbs. I am talking about ISTo. 11 tempered steel wire as manu-
factured by the Washburn & Moen people. Everybody who
knows anything about tempered steel wire knows that it is not a

hard-drawn w^re such as suggested by Mr. Webb. It is a fire-

tempered wire ; that is to say, a wire that has been made red hot

and cooled in some suitable medium, be that wdiat it may. Every

manufacturer has a different one, I believe. Some have patented

processes for that purpose. They gave me 100 lbs. of wire

that was coiled in a machine of my own invention, which is

being patented now. Every bit of the wire went through the

machine without any break, and the strength of the spring was

so good that it seemed to me I had at last solved the problem of

getting a wire that suited my purpose. After this was coiled up

I thought, the best thing I can do is to send for the representative

of the Washburn & Moen people and tell him to write out an

order of such a character that I could use it for all time in order-

ing just that kind of wire. He sat down and wrote the order out,

and he took it with liim. I kept a copy of his order, and they

sent me another hundred pounds. I started to coil this, and

coiled perhaps six inches, and it bi-oke ; then twelve inches, and it

broke ; then perhaps two feet, and it would break, and it kept on

breaking in that way. I could not coil more than from si.K inches

to two feet at the most.

A Member.—Of wire or spring?

Mr. Almond.— T mean that the s])ring would break or the wire

would break after six inches of spring was coiled. When I say

coiling Llio wire, I mean j)roducing the spring. Now there was

500 i)ounds fi'om Miller <Sc Van WinkU^ of P>rooklyn that I could

not coil. It was too hard. It had been there periiaps live weeks.
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It had been bought since the discussion of this subject at our

Xew York meeting. It had not been in m\^ phice for a long-

time. I had not put it aside to season, as I expressed myself at

our last meeting when this subject was discussed. Now, you see,

under the circumstances I was compelled either to lose the wire,

abandon the manufacture of flexible metallic tubing for practical

purposes, or find a means by which I could get the wire into a

condition suitable for the purpose. I do not think that ever any

man's nerves have been put into such a distressful condition as

my nerves were by this subject. The idea of standing there with

your shirt sleeves rolled up, day after day, spending several hours

attempting to do something which it seemed impossible to do.

For three years I have been working on this subject, and it is not

until within three weeks that I have discovered a solution of a

problem that seemed to me something that possibly I never

would be able to get around. I have got around it by simply

passing that steel wire through a bath of hot or boiling water,

which is situated within twelve inches of the machine into which

the wire is passing as it is being formed into the spring. ]^ow I

know that the wire will be nearly 212° in the bath. I know that

the temperature will be reduced somewhat as it passes into the

machine. I do not think that it will lose more than a few

degrees, say 10°, 12°, 20° if you like. But I am so convinced of

the value of that small increase of temperature in rearranging the

molecules, or permitting the molecules to rearrange themselves

into a condition further removed from that of tension into which

they get after they have been submitted to such a disturbing

action as red-hot heat or to such a disturbing action as the draw-

ing of wire, hammering the metal, or anything of that kind,

that I thoroughlv believe that, if we consider the subject fairly

without reference to anything such as Mr. Stetson has described

of the charring of a piece of wood, if we look at it fairl}', we
shall get to understand that we can put our metals into a much
better condition by looking at the molecules as they are in the

mass, and if they are in a condition of tension get them out of that

condition of tension, and so improve the strength of the material.

I hope I have made myself clear.

Mr. Cary.—The reason I asked the question concerning the

length of time between the two trials of coiling this wire into

springs was, there seems to be a very peculiar action going on

among the molecules of steel for some time, directly after it is
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tempered, and this is much more noticeable in highh^ tempered

steel and in steel containing much carbon.

At one time I had charge of a large manufactory which turned

out many tons of springs ever}" week, and also made the steel

wire as well, from which these springs w^ere made, and thus I had

an exceptional opportunity'' to observe the many peculiarities of

both the springs and the wire, and certainly nothing was more

puzzling than these changes which took place in newly-tempered

steel.

Often tempered wire was sent to the spring department to be

coiled into springs, and found too hard to wind on a mandrel

without breaking, and often this wire would be put one side for

several weeks, after which time it would be wound on the same

mandrel without difficulty and without breaking. It may be that

this may explain the success Mr, Almond had in finally coiling

springs successfully after failing in his first attempts.

Those who have made much use of thermometers know that a

change often occurs in them with age, which is also probably due

to a molecular change caused by the glass being under internal

strains (similar to those in tempered steel) when it leaves llie

hands of the maker.

Nearly all, if not all, thermometer makers who lay any claim to

making instruments of precision keep their glass tubes, after

receiving them from the glass works, for many months before

using them, that the molecules composing these tubes may cease

this strange motion among themselves, and even then, after blow-

ing the bulbs, filling the tubes with mercury and seaHng them,

when an instrument of very great precision is required, we find

them again laying these aside for some time before finally mark-

ing them.

Thus, these peculiar molecular changes do not seem to be con-

fined to tempered steel alone.

Few people, outside of those in the steel business, can appreciate

the great dissimilarity found in difli'erent steels. Not only is a

very marked difference found in the steels made by the various

processes, but in various samples of steel made by the same proc-

ess ; and analyzing the same we find such marked dissimilarity

that it is necessary to treat each one quite differently when working

it, such as in the manufacture of wire.

Certain steels are adapted to certain uses and are unsuitable

for others. To illustrate, steel wire used for springs would
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be useless for making fish-hooks ; fish-hook wire would hardly

be adapted to make umbrella ribs, while wire adapted for um-
brella ribs would not be fouud the best for making cutting

instruments ; and so I might extend the list iudefinitel}'.

When connected with Gary cfe Moen, in New York, the concern

referred to bv Mr. Almond, we were, for the reasons I have just

explained, obliged to carry several hundred kinds of steel in stock

to meet all the demands of customers.

People often came into our offices and ordered simply " steel

wire," and Avhen we would ask them what use they intended mak-

ing of it (in order that we might judge which kind of steel was

best adapted to their purpose) they would often give us no satis-

faction in their answers, thinking we were trying to discover their

secrets, and the result would be, they would receive Avire made of

a stock as nearly right as could be guessed at, which, unfortunately,

would not always be adapted to their purpose, and, of course, the

manufacturer was blamed for the fault of the purchaser.

The question was asked, a moment ago, how wire was tem-

pered.

By referring to the sketch I have made (see Fig. 332) you will

obtain somewhat of an idea of what is known as the " Waterman
continuous process," which is the method used by all manufact-

urers in this country for tempering steel wire.

I have shown everything in section, and thus the dotted line,

running from one end to the other, represents the wire being

tempered.

The wire is first wound, in considerable lengths, on reels, and to

accomplish this often short lengths are spliced together. One of

these reels is placed on a fixed arbor, as shown at ^ 1.

From there the Avire passes through a bath of molten metal

contained in what is called "a tempering pot" {T P), beneath

which is a fire, generally of coke, which keeps the molten metal

at a constant temperature.

The shape of this tempering pot is shown at A^ and is like the

letter D. It has one small opening at each end on the top, into

wliich the wire passes at B, and another corresponding opening

at C, out of which the wire passes, heated red hot.

By using this large metal bath a great uniformity of heat is

secured, and by reducing the openings at each end to a minimum
size, the liquid has bnt little contact with the air, which reduces

its oxidation to the smallest possible amount.
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After leaving the tempenug pot

at C at the required temperature,

the wire is plunged, as it moves

along, in the cooling bath CB,

which consists of a galvanized

iron tank tilled with oil, and this

tank is placed, as shown, into

a large tank filled with water.

Both oil and water are made to

run rapidly in and out of their

respective tanks through pipes

(not shown), and thus the oil is

always kept cool.

We have now completed the

first operation of tempering our

steel wire, that is, the hardening

—

and the wire is about as hard and

brittle as it can be made—and

next we must " draw the temper "

to the required degree of hard-

ness, which is accomplished by

M passing the wire through an open

6 lead bath in the drawing furnace

^ {EF). Just after the wire emerges

from the oil bath the surplus oil

is wiped, by wipers placed at W,

which prevents the oil drippings

from being carried into the draw-

ing bath. It is at this last furnace

that the greatest skill is required

to produce the desired temper in

the wire. Small grooved pulleys

cause the wire to be submerged in

the lead bath. By manipulating

these pulleys, the wire may be

made to pass through the entire

length of this bath, or else it may
(by using one pulley) be made to

just barely touch the surface of

the lead at one point.

This allows quite a diflference
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iu the time the wh-e is exposed to the heat, and still a further

regulation of time of exposure is obtained by altering the rate of

speed by which the wire moves. This is done entirely by alter-

ing the speed of the receiving reel {R 2), which is accomplished

bj means of speed cones, and the entire power which moves the

wire is delivered through this last reel.

The shape of the open lead bath tank in the drawing furnace is

shown in section at E.

The oil generally used in tempering steel wire is sperm oil,

which, however, is sometimes mixed with common fish oil.

This is practically the whole of the Waterman process, such as

used by Gary ct Moen, Washburn & Moen, and all other wire

temperers in this country.

Of course, by this process one is not able to work to the temper

colors, as is done by blacksmiths and others, to guide tliem in

drawing the hardened steel to the required temper. A long

experience is necessary for the successful operation of the Water-

man process.

The lack of anything visible to guide the workman in his work,

during this operation, led me to invent a simple instrument, which

1 placed between the drawing furnace and the receiving reel. It

consisted of three pulleys, with grooves to receive the wire.

Two of these were placed a definite distance apart under the wire,

as at P 1 and P 2 (see Fig. 332). The third touched the wire on

top, midway between the others, as at P 3. This last pulley was

pressed down with a definite force by means of a compression

spring (S), which bent the wire at this point.

The bending, of course, was greater when the wire was soft, and
less when it was harder, and this difference of deflection was
indicated by the movement of a pointer (P).

This, I believe, is the only instrument ever made for indicating

the degree of temper in steel.

The kind of steel best adapted for sprinc^s seems to be an open
hearth steel, comparatively low in carbon.

Many people select a steel high in carbon for making springs,

but in doing this they make a great mistake, as the higher the

percentage of carbon, the more difficult the process of tempering
becomes, and the chances are the spring will be spoiled in this

operation.

With a steel low in carbon, the process of tempering becomes
comparatively easy, and a great uniformity will be found to exist
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among a large number of springs, after thej are finisliecl, and

breakage, while in use, will be found to be reduced to a minimum.
If this comparatively low carbon steel is properly selected, the

spring made from it will be found as good, durable, and lasting as

the one made from the very highest grade of steel.

As to Professor Webb's remarks about certain knife-edges being

tempered a second time, and the hardness drawn in boiling water,

after these same knife-edges were originally tempered and found

too hard, I believe that this is easily explained; and I cannot

believe that the boiling water affected their temper in the least;

in fact, I believe that after the second hardening and before these

pieces were put into the boiling water, had they been tried in

their place, they would have proved to be all right, the same as

they finally did.

I have often found in actual experience that I could never

harden a ))iece of steel as hard the second time as I could the first,

and for that reason, in the steel wire business, we would always

avoid re-tempering wire if it were possible to do so.

I think that this will fully explain the result obtained in the

case quoted by Professor Webb.
Mr. W. H. Brisiol.^—In designing the different recording gauges

that I have had the honor of presenting to this Society at different

times, the object has been to produce forms which would be funda-

mentally simple in construction, and entirely free from the usual

multiplying mechanism which is liable to fail.

These instruments are the result of a large number of experi-

ments, and have been finally decided upon with confidence that

they would remain constant and give the most satisfactory results

in continual use.

Our expectations have been fully realized in the case of the sin-

uous and diaphragm forms of gauges, and as we find in our experi-

ments with this new form of helical tube that it will stand even

more severe tests than the sinuous form of tube. I have felt very

safe in concluding that it would remain constant during years

of service.

This helical form of tube has only been in use for a few months,

but as far as experience goes they have given the most satisfactory

results.

As to the effect of heat upon the gauge, would say that I have

never made any experiments, but believe it cannot help being

* Author's Closure, under the Rules.
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detrimental to the gauge. Every steam-gange should be provided

with a syphou to prevent the steam reaching it.

The recording pen touches lightly with a constant pressure,

whether near the centre or circumference. The friction caused by
the pen is very slight, and the difference in the resistance offered

to revolving the chart, whether pen is at centre or circumference,

is so small that it would have no effect on the strong clock move-
ment which is provided for revolving the chart.
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COST OF AN INDICATED HORSE-POWER.

BT DE COURCT MAT, NIAGARA FALLS, N. T.

(Member of the Society.)

I DO not believe there is any subject in connection with

the steam-engine on which there is such a diversity of opinion

as the cost of an indicated horse-power per annum.

Much has been written about the various types of engines,

and the advantages of each, of cylinder condensation, point of

cut-off, etc., and many and most elaborate tests have been

made to gather more or less valuable information concerning

the steam-engine and its performance. I find, however, very

little reliable data as to the cost of operating steam plants, due

partly to the care with which the cost of anything is concealed,

but more probably to ignorance on the part of the owners, who
in most cases have only vague ideas as to the actual cost of their

power. Two papers on this subject have been presented to this

Society—one by Mr. Manning, on the " Comparative Cost of

8team and Water Power ;"t and one by Mr. Main, on the " Cost

of Steam and Water Power.":]: In the engineering papers, para-

graphs have appeared from time to time, purporting to give the

coat of an indicated horse-power with more or less accuracy.

Our text-books scarcely treat the subject at all. Mr. Manning
Jias given us a very interesting paper and some valuable infor-

mation about the water-powers of Manchester, Lowell, and

Lawrence, and the cost of the machinery for utilizing them. Li

comparing the cost of water-power with steam, the steam-engine

used is, I imagine, an ideal one, and not one taken from actual

practice. It is an engine running 10] hours a day, and deliver-

ing 1,000 actual horse-power, and indicating 1,100, and running,

presumably, at full load the whole time. He takes the cost of a

* Presented at tne Montreal meeting, June, 1894, of American Society of

INIechanical EnfijineerR, and forminp part of Volume XV. of the Trnnsnctions.

t 'J'rHnstictions American fioriety Mt'chanioil Enfjineeis, Vol. X., p. 45)9, No. 332.

I Tranmcliuna American Society Mechanical Engineers, Vol. XI., p. 108.

No. ;j60.
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modern compound engine of this size, including piping and

foundations, at !?27 per horse-power, and the boilers ready for

use at 2^10 per horse-power, the consumption of coal being at the

rate of IJ lbs. per horse-power per hour. The results of his

calculations, after allowing for interest and depreciation on

plaut, running expenses, repairs, etc., is, for this engine, $22 per

indicated horse-power per annum, 309 days of lOj hours each.

No exhaust steam is used for heating or any other purposes.

The cost of the coal is $4.50 per ton of 2,240 lbs.

Mr. Main in his paper also works out the cost, presumably

from an ideal engine of 1,000 horse-power, giving very complete

figures for the compound, condensing, and high-pressure types

;

the compound engiue, with piping, costing $25 per horse-

power, and the total ^ team plant, including buildings, being put

at $58.3(j per horse-power, Mr. Manning's figures being $52.50

for the same thing.

The result of Mr. Main's calculation is, that an indicated

horse power for the compound engine costs $24.08 for 308 days

of lOi hours each, no exhaust steam being used for heating

or other purposes, and the price of the coal being $5 for

2,240 lbs.

For the purpose of comparing the above figures with those

given by other engines, I will give the cost of a horse-power in

both cases for 365 days of 24 hours each, keeping the interest,

depreciation, taxes, etc, unchanged, increasing the cost of

attendance and supj)lies and coal in the projoer proportion, and

making the price of the latter $5 per ton in both cases.

This would make a horse-power cost for 365 days of 24 hours

each

:

According to Mr. Mauning $50.99

Mr. Main 51.75

I have many other papers on this subject, two of them by
eminent members of this Society, and all based on an ideal

engine working continuously at full load, a condition which is

rarely attained, except in a few pumping engines ; the cost of

an indicated horse-power for 365 days of 24 hours each being

much below anything I have been able to get from actual

engines working under ordinary conditions.

I think it will be interesting to contrast the figures given

above with those given by a very high-class triple expansion



1148 COST OF AN INDICATED HORSE-POWER.

engine working under full load, or nearly so. I will take the

AUis pumping engine at Milwaukee, as given in Professor

Thurston's paper, read at the last meeting of this Society. The
figures given are from a very accurate test, and the result shows
this engine to be, I think, without a superior.

During 1892 this engine ran 6,980 hours, pumping 5,201,368,000

gallons of water 160 feet high, and used 5,516,000 lbs. of anthra-

cite coal, costing $5.95 per 2,000 lbs.

The water horse-power from the above figures was 503.33, and

if the ratio of water to indicated horse-power had been the same
as during the trial, the indicated horse power would have been

554.10; but as the performance was probably not so good, I

assume that the average indicated horse-power during 1892
.

was 560.

The cost of the plant as given by Mr. Benzenberg, the city

engineer, was as follows :

Cost of engine (and pumps) and four boilers, iucludiug foundations

and boiler settings $81,000

Cost of so much of buildings and boiler house as is chargeable to

engine 31,500

Total cost of plant $112,500

The cost of operating in 1892 6,980 hours with coal at

$5.95 per 2,000 lbs. was $28,107.10.

Reduced to 365 days of 24 hours, and coal at $5 per ton

(2,240 lbs.), the cost will be :

Coal $17,275

Engineers' wages (unchanged) 10,680

Repairs to engine and boilers (unchanged) 414

Oil and waste 466

Pack ing 288

$39,105

Interest on plant at 5;^ 5,612

Depreciation &l 4% 4,500

Total cost 365 days' (24 hours) operation and maintenance $39,217

Co.t per 1 l.U.V..J-^^~=m.02

This is exclusive of taxes and insurance, and no charge made

for the land occupied, and no cost for water ; but it is to be

rnmombered that it is a slow-moving machine, and the value of

pumps is included.



COST OF AX INDICATED HORSE-POWER. 1149

The number of revolutions of this engine when pumping was

about 20 per minute during the test, but was probably slower

during the year's run. Speeding this engine up to, say, 50 revo-

lutions per minute, and assuming that it will develop 1,500

H.P., let us deduct the value of the pumps and add sufficient

boiler power to increase to 1,500, and base the consumption of

coal on that used during 1892, and not on the test ; we will then

have

:

Cost of plant $113,500

Deduct value of pumps and foundations for same, say $31,000

Deduct proportion of Liiilding, say 10,000 41,000

Add say sis boilers and settings and proportion of house and $72,500

stack, say 20,000

$92,500

Say $90,000, which would be at the rate of $60 per horse-

jDower for the complete plant. I have deducted $10,000 from

the cost of buildings, as those at Milwaukee are rather monu-
mental in character.

The annual cost would then be :

Coal $46,215

Engineers' wages (unchanged) 10,680

Repairs (unchanged) 414

Oil and waste oOfc added 621

Packing (unchanged, as it included puuips) .' 288

$58,218

Interest on plant at 5% 4,500

Depreciation on plant at 4,'J 3,600

Total annual cost $66,318

Cost of 1 I.H.P. -—-Q = $44.21 for 365 days of 24 hours each, coal

$5 per 2,240 pounds.

The consumption of coal per I.H.P. per hour is 1.57 lbs.

in the above calculation, and this is, as before stated, based on

the operations for the year 1892.

It is stated in Prof. Thurston's paper, that steam was taken

from the boilers to drive a small engine used during the day to

operate the machine shop, and at night for lighting the build-

ing, and some steam was also taken for heating the building.

Allowance ought to be made for this steam consumed, but in

view of the fact that the lighting and heating are as much a

charge against the plant as the oil, waste, and packing used, I
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do not think any allowance should be made, except for the

power used in the machine shop during the day. The difficulty

of ascertaining this amount, and the fact that it is so small in

quantity as to scarcely affect the general result, has decided me
to make no allowances.

While I do not pretend that the above figures are exact, I

believe they are fairly accurate, and rather in favor of the en-

gine, bearing in mind the omission of any charges for taxes and

insurance, or any rental or interest on the value of the land

occupied by the plant, or charge for water. I think it is safe

to assume that one indicated horse-power cannot be produced

for 365 days of 24 hours each for less than $40, with coal at $5

per ton of 2,240 pounds.

From such data as I have been able to collect I give in the

table below the cost of one indicated horse-power for 365 days

of 24 hours each, and 308 days of lOj hours each, the lOj hours

representing the running 'time in the ordinary mill or factory :

The interest on the plant is placed at 5 per cent.

The depreciation on the plant is placed at 5 " "

The insurance on f of the plant is placed at 1 " "

The taxes on f of the plant are placed at 1^ " "

No rental or interest on the land occupied by the plant or

cost of water is charged.

The value of the land occupied varies so largely, especially

with electric ligliting and trolley plants in large cities, as to

make the insertion of these figures misleading.

Cost of one I.H.P.,
3G5 days of 24 hours.

Costof onel.II.P.,
308 days of lOi hours.

Coal per 2,240 Ibe. Coal per 2,240 lbs.

$
2

ft

3
$
4

s
5 ?,

8 s
4 1

Triple expansion pnmpinp;, Allin, 20 revs....

Triple exiniiiHioii witlioiit pumps,Alliw.SUreve.
Compound mill, beft ent;ino

48
27
2!)

3!>

122
48
45
44
70

55
33
80
4(1

131)

5«
54
58
70

61
39
44
52
157
08
(14

01

81

07
45
51

58
174
71)

74
69
88

31

16
17
22
78
29
20
25
49

33
18
19

25
84
32
29
29
53

35
20
21

28
1)0

30
33
33
67

37
28
24
30

" clortiic linhi. iiveriifje 90

3(>

ConflensiiiK mill 38

Non-condensing, 50 to aOO U.P 02
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The figures for engines below 50 H.P. vary so widely that I

have omitted them.

The above table has been calculated as far as possible from

actual engines running under ordinary conditions ; but I do not

pretend that the figures represent true average values, not hav-

ing been able to collect information from a sufficient number of

cases. The engines are nearly all high class, and of large pow-

ers ; the figures in the table are, therefore, rather beloAv than

above the average.

I hope that this paper may be the means of eliciting fuller

and more exact information on what I feel sure is a subject of

great interest and importance to the members of our Society.

DISCUSSION.

Mr. Samuel Webber.—I have been much interested in Mr.

May's valuable paper, and would like to call attention to the fact

that a very interesting paper on this subject was contributed by

our fellow-member, Mr. Cbas. E. Emery, to the Americau Insti-

tute of Electrical Engineers, last j^ear. That paper I have exam-

ined very carefully, and find it to agree very closely with my own
observations. It should be noted that while the cost of fuel is

the principal item, the size of the engine is a very important

factor ; i. e., that a 1,000 II.P. engine costs much less per horse-

power per plant than one of oOO H.P., and the latter bears the

same relation to one of 250 H.P., and the same holds good as to

running expenses, and as a substantiation of this fact I beg leave

to offer the following notes, based on data given me by the treas-

urer of one of the latest and best mills in Fall River last winter.

The data were taken in the months of April, May, and June, 1893,

when no steam was used for any other purpose than power, and

all care was taken to reduce the cost of that to a minimum. The
two engines were at the Globe Yarn Mills, Fall Elver, both
" Wetherell cross compound condensing," and the coal cost $3.70

per ton.

To the data furnished me from the mill I have added charges

for sinking fund, interest, and repairs, on the basis adopted by

Mr. Manning, which amount to 1^ more than those taken by Mr.

May, and they give me as follows

:
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NO. 2 MILL, 1,050 H.P. PER 73 DAYS OP 10 HOURS.

Coal burned, 1,527,000 lbs., cost $2,519.55

Wages of Labor 555.50

Oil 51.50

Supplies (Waste, elc.) 25.00

$3,151.55

Equal to $12.65 per H.P.

Add to this Sinkina: Fund 3.14 per 5% on cost.

" " " Interest and Taxes 3.77 = 6f^ on cost.

" " " Repairs 1.57 = 2.}^ on cost.

Total $21.13 per Indicated H.P.

Add lO.'^per Engine 2.11

Gives $23.21 per Available H.P.

From engine for use in mill and for comparison with water power.

The engine in No. 3 Mill was only 650 H. P., and the figures

are as follows for 76 days. Cost of plant, $42,000.

Coal burned, 1,152,380 lbs., cost $1,901.43

Wages for Labor 463 . 60

Oil 42.50

Supplies (Waste, etc.) 21 . 50

E<iual to $15.19 per H. P. steam to engine.

Add as before 3.23 " Sinking Fund = o'^i on cost.

" " " 3.88 " Int.Te.st, Taxe.^ etc. = 6;^ on cost.

" " " 1.62 " liepairs = 2^5? on cost.

$2,429.03

$23.92 cost of Indicated H.P.

Add 2 . 39 = lO^nor Available Power.

Gives.... $26.31 for results to compare witli water power, whicli is al-

ways estimated as delivered from the wheel.

I believe these to bo about the minimum figures for mill

engines, and that a 300 H.P. plant, such as is very common,

would show much higher. My experience has always shown it to

be so, with the best single condensing engines. This is a very

interesting subject, and I hope other members may give us the

results of their trials of the acfual cost of steam, in their own
localities, from engines of different sizes.

J/r. Albert A. Gary.—The cost of a horse-power is a question

often put to mechanical engineers by power users and power pro-

ducers.

How seldom one is able to answer it with accuracy

!
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If power was produced in all plants with equal economy, it

might be possible to formulate some rule which would afford an

answer approximately correct for all cases, but as a unit of poAver

costs the producer twice as much and even more in some plants

than it does in others, it is impossible to make an estimate of

cost without going into all the details relating to the power plant.

In steam plants some of the so-called " horse-power " is fur-

nished as steam direct from the boiler, for heating, for steam-

kettles, for vulcanizers, and many other purposes, and then we
often find that the steam-power is taken from more than one

engine, and one may be the large triple expansion condensing

engine, while in some remote corner of the mill we may find

another engine, old, patched up, taking steam full length of stroke,

and running at odd intervals, and besides these we find the steam-

pumps at work taking their 60 lbs. of steam per hour for each

horse-power of work they may deliver.

In the face of these and many other difliculties, it is pretty hard

to determine by the use of an indicator and many calculations

just what a horse-power is, and after deciding this, just what it

costs.

There is but one wa}-, that I can see, out of this difficulty, and

that is, by taking for a standard horse-power the one recommended
by this Society's committee on a standard method of steam-boiler

trials (30 lbs. of water evaporated from a feed-water temperature

of lOO'' into steam at 70 lbs. pressure) and then determine, by a

boiler test, the cost of producing this amount of steam at the

boilers ; and then after the steam leaves the boiler, it makes no

difference whether it is used in an engine of high or one of low

economy, or whether it is used for heating or any other pur-

pose.

Of course, it is not always possible to determine the propor-

tionate part of the total amount of steam leaving the boiler that

is used by each lessee, but there are many cases where this can

be done, and then it may be said that the expense of running an
accurate boiler test made by an experienced engineer may stand

in the way of having this done in some ])lants.

I was at one time connected with a manufacturing concern in

New York, using some seven or eight hundred horse-power, and
I was obliged to determine this question of the cost of a horse-

power.

"We had one tenant who occupied the greater part of one of our
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buildings, and, besides, we furnished lieat and power to one or two

neighboring concerns.

The first mentioned concern paid us rental for the portion of

the building it occupied, from which figures I could estimate the

value of the space occupied by the steam plant, and, in addition,

they paid for the steam and power they used at a certain price

" per horse-power."

I first ran several boiler tests to determine the amount of fuel

required to evaporate the standard amount of water.

Thirty pounds of water evaporated from a feed-water at 100"

into a steam at 70 lbs. pressure requires 33,305 thermal

units.

My conditions were somewhat different from these, as my feed-

water averaged about 187°, and we carried an average working

pressure of 80 lbs. A little figuring will show that under these

conditions 32| lbs. of water will be evaporated with 33,305 ther-

mal units, which is, therefore, an equivalent to the standard horse-

power, and, therefore, I adopted the evaporation of this amount

of water, under these conditions, as my standard horse-poAver,

and did all my figuring on this basis.

After determining the average amount of fuel required to evap-

orate the unit quantity of water, every other expense which be-

longed to the " Power Department " was carefully sought out and

used in determining the cost of the standard horse-power.

The fuel used was an anthracite egg or broken coal costing

about $4.80 per ton (of 2,240 lbs.).

The cost of the engines, boilers, pumps, piping, and all fittings

and apparatus about the boiler and engine rooms was taken, and

the interest on this investment was included.

The rental which we could obtain for the space occupied by the

steam ])lant was considered, as was also the cost of attendance,

oil, waste, packing, and supplies of all kinds, to which was added

an amount for depreciation, tax, and insurance.

We tried to include in our figures every item, and maybe went

too far in one direction, and that was in calling the power plant

one of the departments of our factory (there being some eleven

or twelve), and we made it bear its proportionate share in the

general running expenses of the business, such as the " non-pro-

ductive labor," that is, the office expenses, superintendence, sales-

men, and all items of that kind.

The result finally obtained was that a horse-power was costing
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ns about sl7, autl we charged our tenants, on the average,

about $55 a horse-power.

With some little inquiry in New York city, among those leas-

ing power to tenants and neighbors, I found that the price re-

ceived ran from S-i^5 to $60 a horse-power.

A few years ago I knew of one concern in New York who was

selling steam and power at the rate of $42 per horse-power

(but I am sure that neither they nor their tenants knew just

exactly what that term meant), and I have also heard of a few

places in New York city where the charge was over $60.

Of course, it is understood that all of the above-named figures

represent the price per yeav, with ten-hour days, and no running

on Sundays or legal holidays. A provision was made for a stop-

page of one week in summer, and a second week six months later,

during wliicli the steam plant was supposed to be thoroughly

overhauled. A further provision was also included in each con-

tract, that, should the plant be stopped through any accident, four

additional days were to be allowed in each year to make the

necessary repairs. A clause covering strikes and damage by fire

or water was also included.

Mr. J. F. HoUowaij.—This is certainly a very interesting and
important subject to engineers in all parts of the country. But it

strikes me, from what I have heard, that it is a little like the play

of Hamlet with Hamlet left out, and which is, of course, not as

interesting as it might otherwise be. The elements otherwise that

go to make up the cost of steam-power, must vary very greatly from
two or more things which have not been noticed in these papers

;

one is the type of engine used, and the other is the cost of the

fuel by which it is driven, to which is sometimes to be added the

cost of the water for the boilers.

77/e P/-esi<lent.—Mr. Holloway, if you will excuse me, add the

composition of the coal.

J/v. H'llhnixnj.—Also the composition of the coal, and e>;pecially

as to the quantity of slate in it, and more recently the sizes of the

coal. We have had a great change of opinion among engineers

as to the money value of the different sizes of coal, and I am glad

to know that experiments have been made at a large expense that

very likely will change our views as to which is the best kind of

coal (as to size) to use. But the point is, in getting at the cost

of steam-power, it might be one thing in one city, and another
thing in another city, but in order to make a fair comparison we
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ought to know the type of engine nsed, and the cost of fuel at-

tending, and all tlie outgoing expenses.

The President.—I might say also the cost of getting water for

condensing, if you try to do it.

Mr. C. E. Harte.—It may be of some interest to the members

of this Society if I were to relate, in some degree, the arrange-

ment of plant which we have recently installed. We have a 600

H.P., cross compound, condensing, Corhss type of engine. The

cylinders are 24, 42 x 48.

Our feed-water is passed through a Berryman heater into

which the L. P. cylinder exhausts. Then it is passed through a

second heater of the same make, into which the feed-pump con-

denser and automatic-pump exhaust. The cylinders and receiver

are jacketed, and the condensation is added to the feed after

passing from the second heater. At all these points 1 have

placed thermometer wells so that I am able to get the temperature

and determine the value of each of the heating points. We, by

this system, get a temperature averaging about 204°.

Our engine is somewhat larger than we need just at present, as

we are developing only about 380 II. P., with an expenditure for

two hours' work of about 6,000 lbs. of George's Creek coal.

3Ir. Gary.—Answering Mr. Holloway's queries, I would say

that in figuring the cost of a horse-power, the unit used by me
was identical to that adopted by this Society's committee on a

standard method of conducting boiler tests as I have already

exj)lained.

In connection with this subject, I believe that a description of

the methods I introduced and used in the plant I have referred

to, will not be out of place here.

I had two tanks built side by side, separated by a brick wall

;

these were placed below the level of the floor, and all the water

passed into them before being fed into the boiler.

On the dividing wall I placed a combination valve, of my own
design, operated by two floats, one in each tank, which rose and

fell as the water-level varied. Tliis valve was similar in shape to

the sketch I have made (which is a top view), the two parallel

lin(!S representing the dividing wall which so]>aratcd the two

tanks (see Fig. 333). The water on its way to the tank ])assed

through the pipe marked " water supply " into the valve chamber

below, from Avhenco it found but one pass.'igo of escape into either

one tank or the other according to the jiositiou of the valve. A
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second pipe leaving the top of the valve (marked " to pnmp ") is

the suction pipe, tiirough which the water passed on its way to

tiie boiler, and, of course, it is understood that the water was drawn
from but one tank at a time.

The operation of this valve is as follows : water passes into the

valve from the water supplj' and finds an exit through " outlet A "

and finally fills " tank 1 " up to a certain level, when it is auto-

matically closed. "While this is being done, tlie pump (which has

a direct connection through its suction pipe with the "inlet A^'

in " tank 2 ") is drawing its supply of water from that tank (having

no connection with " tank 1 " that is being filled). During this

emptying " float 2 " drops with the level of the water, and, as it

does so, the spring " -5'2 " is being compressed while the rod li is

motionless. Finally, when " float 2 " drops to the required level,

Outlet A.

Fig. 333,

To Pump W^_

the catch (which prevents the rod R from moving in the direction

of the pull) is tripped, and the compressed spring causes the rod

R to move instantly to the left, and this motion reverses the

entire order of working, as we find now the water flowing through

the water supply pipe, the valves and the " outlet ^" into " tank

2," which is filled to the required level, and at the instant of

change, we find our boiler feed-pump drawing its supply of water

from " tank 1."

As the water falls in this tank, the falling float compresses the

spring '9 1 until this float descends to the fixed level, Avhen a sec-

ond catch is tripped and the first order of working is returned to.

Each time the rod R is moved, a counter registers one, adding

it to the previous figure, and thus, by reading the counter, the

number of times each of the tanks have been emptied is noted.

Each of these changes, as shown on the counter, represents
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1,000 cubic feet of water, and I found tins method of measuring

constantly tbe amount of water used by the boilers much more

accurate than any meter or other measuring device I could find.

The float used by me fell into a very small tank, placed at the

bottom and in one corner of the large tank, this small tank being

but little larger in diameter than the float itself. By this arrange-

ment I could trip my valve by drawing out no more than an

ordinar}^ tumblerfid of water. The float also rose into a similar

small tank, which governed the height of the water admitted to

the tank with equal accuracy. The bottoms of both of the large

tanks w^ere so arranged as to completely drain all of the water

they contained into these small tanks, and this insured their being

emptied entirely each time.

In calibrating these tanks and in adjusting the position of the

floats so that they would change the valve after exactly 1,000

cubic feet of water passed through the valve, I used an accurate

platform scale, which I wheeled directly over the tanks, and

weighed out carefully the exact amount of water used between

the time the water ceased to flow into the tank and when the

valve changed and the pump took its supply of water from the

other tatdv. If it was desirable to take into account the small

change in tbe volume of the water as the temperature varied, this

could easily be done, as, in the daily log that was kept, beside the

number of thousand cubic feet of water used, the temperature of

the entering water was noted.

This or some other accurate method of keeping a constant

record of the amount of water evaporated each day by boilers

is one whicli I believe will, before many years, be adopted by all

progressive owners of large steam plants, as it will off'er them a

means of knowing, each day, the exact amount of power they are

using, and if their coal is weighed at the same time, it Avill show

them at once the real evaporative value of tlieir fuel and besides

afi'ord them a means of determining for themselves the true com-

mercial value of the coal used, which thus can be easily compared

with other coals. By this means their fuel bills will be decreased,

and a large amount saved every year.

This system would also aid manufacturers iu making a com-

parison among themselves as to the relative efliciency of the

different boilers they are using, and this would teach many the

lesson that the cheap boiler is generally too expensive iu the end

to indulge in.
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I found this method of measuriug carefully the amount of water

I evaporated a most useful check on my coal. In this plant my
coal yard was located just outside of my boiler room, and all the

coal was wheeled in on wheelbarrows. Eacli barrow was, made
to weigh exactly alike, and every load of coal that was run over

the scale would bring the beam to a balance exactly when 300 lbs.

of coal was in the wheelbarrow. The firemen soon had this matter

of weighing the coal down to a fine point. They would fill their

ban'ows to a certain point and lay the last shovelful of coal,

sliovel and all, on the top; when on the scale, they lifted the

shovelful and scattered a few pieces of coal on the top of the load,

which would balance the scale, and the rest of the coal, with the

shovel, would be left outside the boiler room. Each load here

was also registered on a regular counter, operated by pushing a

button.

By thus obtaining a true record of the weight of coal and water

used, I could soon determine the average evaporation per pound
of coal, through which I was able to get at the true commercial

value of my fuel.

Often a coal dealer would come in and offer me a " very fine

quality of coal," and if I was in the market and was inclined to

believe his statement, I would order 40 or 50 tons as a sample,

and after running a few days with this coal, I could easily say

whether I could afford to buy it at his price, and if so, I was able

afterwards to determine accurately whether the coal he delivered

was the same as the sample.

The method I have described for weighing coal is very crude

compared with the one the C. W. Hunt Company, of New York,

have recently put in a number of large plants. By this system

the coal is first elevated higher than the tops of the boilers and is

then run down into long square tubes, which are connected with a

regular scale beam. A definite amount of coal is first delivered

into the square tube, where it is weighed, and then, by opening a

valve at the lower end, the co;d runs out on the floor, near the

boiler ; the valve is theu closed, and another charge is received in

the tube and weighed, and it is held there until the valve is

opened again, when the first charge of coal is exhausted.

Mr. CJias. E. Emery.—We are disappointed to find that this

pajjer does not appear to throw any new light on this very inter-

esting and important subject, although from the reported ex-

])erience of the author, as the former engineer of a large manu-
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facturing establishment, and, therefore, presumably charged with

making the estimates, he should have been able to furnish the

detailed information as to the first cost of steam machinery and

of its erection, which it is so diflicult for an engineer not actually

engaged in shop practice to keep track of accurately. Instead of

this, the paper starts out to make a comparison based on the cost

of a pumping engine, which was necessarily very high, as the cost

of the pumps was at first included ; the speed was very low and

the engine specially designed for the kind of work, and, although an

allowance for pumps and for increased speed is made afterward,

it is done by correcting the costs for the same machinery and not

by stating originally the costs of machinery best adapted for

furnishing power to a revolving shaft, and there are, moreover, no

itemized costs, such as would naturally be expected of an engineer

accustomed to make estimates. A tabular statement approxi-

mately distributing the total cost to the several items was

attempted in our last paper on the subject,* and we would have

been very much pleased to have had these details amended or

enlarged ; but this has not been done, although the author's state-

ments follow our special treatment of the subject so closely that

there is no doubt he had the paper before him.

It may be stated, also, that the cost of an indicated horse-power

is not what is wanted by steam users, and that the depreciation

named is too high. The lack of details makes it impossible to

thoroughly clieck the work, but the final results indicate that

some items of importance have been omitted or generalized with

others, so that part of such results are too small and others too

large. These various defects seriously detract from the value of

the information sought to be imparted, and it is to be regretted

that the author did not try to supplement information formerly

published on the subject instead of attempting a generalization

involving details and methods, with which he evidently is un-

familiar.

M. DeCourct/ Mtifj.-f—I greatly regret that I was unable to be

present at the Montreal meeting of the Society, and take part in

* (See papRr on "Tlie Cost of Steam-Povver produced with Engines of Differ-

ent Types under Practical Conditions, witii SupplennMit relatinii: to AVater

Power," Traiisactions Am. Inst, of Electrical Engineers, Mnrcli, 1893. t^eo also

original paper on " Tlie Cost of Steam Power," Vol. XII., Trans. Am. Soc. C. E.,

Nov(3nil)(T, 1893.)

f Autiior'3 C^losure, under tlio Uiiles.
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the discussion of my paper, the object of which was to lay before

the Society such data as I have been able to collect concerning

the costs of an indicated horsc-j^ower from actual engines running

under ordinary conditions. It is gratifying to note that the two

engines given by Mr. Webber agree closely with my figures, they

being, as he states, good examples, and above the average. I am
sorry that the paper did not interest Mr. Ilolloway as it should

have done, but had he given more attention to the " play," I

think he would have found that both the tjpe of engines and the

price of coal are given in the table printed therein. In reply to

Mr. Emery I regret that he is disappointed in the lack of detail

in my paper. It is satisfactory to me, however, to find that I

have followed so eminent an authority's " special treatment of the

subject so closely, " without having, as he supposes, seen his paper

on " The Cost of Steam-Power produced with Engines of Differ-

ent TyjDes under Practical Conditions, with Supplement relating

to "Water Power," read before the American Institute of Electri-

cal Engineers.

I find that the object of my paper will be attained if Mr. Emery
will supplement it, and throw new light on this interesting and
very important subject before the American Society of Mechanical

Engineers.
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DCIV.*

MECHANICAL DRAFT.

BT WILLIAM K. RONEY, BOSTON, MASS.

(Member of the Society.)

The importance of good draft, natural or artificial, for supply-

ing sufficient oxygen for the economical combustion of fuel, has

long been recognized by intelligent engineers. The gain, both

in efficiency and capacity, obtained by the rapid and energetic

combustion of the various kinds of coal, and the resulting high

furnace temperatures, is well established. Its importance has,

however, been generally conceded only within a few years.

The wonderful stimulus which the development of electrical

industries has given to the building of compound engines has

necessitated higher boiler pressures, and this in turn has greatly

increased the use of boilers of the water-tube type. While

high initial temperature in the furnace is essential to the best

economy with all types of boilers, it is especially so with water-

tube boilers, with their large amount of heat-absorbing surface

in close contact with the products of combustion ; as otherwise,

the temperature of the gases will be lowered below the point of

ignition and will pass to the chimney only partially consumed.

To obtain this high furnace temperature requires draft suffi-

ciently strong to deliver an abundant supply of oxygen to the

furnace.

There are two well-known means used for accomplishing this

result, viz. : natural draft, produced by a column of heated gases

in a chimney of suitable proportions ; and forced draft, obtained

by meclianically creating a pressure under the grates with a

blower or fan.

A third means, less widely known, is mechanical exhaust or

induced draft, j)roduced l)y a suction fan so arranged as to draw

the waste gases from the furnace and discharge them into a

short stack sufficiently high to clear the surrounding buildings.

* Prcspiited at the Montreal moetinj^ (.Tune, 1894) of tlie American Society of

Mechanical Enyinoers, and forming part of Volume XV. of the Transactions,
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Although the idea is by no means a new one, yet it is only

svithin a few years that mechanically induced draft has been

much used or installed on a large scale. Previously it had been

used, with a few exceptions, for the purpose of improving poor

draft by helping out an insufficient or an overloaded chimney.

On account of the height of the stacks being necessarily limited,

artificial or forced draft has been used on ocean steamers for

many years. Here the usual method of producing artificial draft

is by rapid-running pressure blowers discharging under the

grates, or into the fire room, which is made practically air-tight,

and maintaining an air pressure in the room of 2.5 to 3 ounces.

This method of producing artificial draft is at an expense

for power to drive the high-speed blowers which would not be

considered for a moment except on shipboard, where the limited

space, as a rule, prohibits the use of large, slow running fans, and
where economy in fuel is not the most important consideration.

Experiments in the use of mechanically induced draft are now
being made on some of the Atlantic liners. The steamer City of
Berlin, of the American line, was fitted up last year with large

steel exhaust fans, driven by direct-connected engines, and hav-

ing a capacity in cubic feet of air per minute sufficient to pro-

duce a draft equal to 3.5 inches of water. Connections were
made to the smoke flues, and the gases drawn from the furnaces

through a by-pass and discharged into the steel smoke stacks.

The results obtained are not yet made public, as they are still

being tested experimentally.

The largest and most successful applications of mechanically

induced draft have been made in connection with feed-water

heaters designed to utilize the waste heat of the flue gases, and
known as fuel economizers. This form of feed-water heaters has
been manufactured in England for over fifty years, and in this

country for three or four years. They have, however, been
imported for many years, as their value as a fuel-saving device

is well established. Their successful operation is however so

dependent upon good draft, that no well-informed engineer would
think of installing an economizer without making provision for

much better draft than the boilers would require without it.

On account of the reducing effect on the draft caused by low-

ering the temperature of the gases and retarding their flow by
the mechanical interference of the pipes, it cannot be considered

good engineering to attach an economizer to a chimney less than
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200 feet in height. In fact, the best working economizers in

connection with chimneys are those where the chimney is con-

siderably over 200 feet high.

The objections to be urged against high chimneys, as com-

pared with mechanical exhaust draft when used with economi-

zers, are : First, excessive cost, both on account of the height

required and on account of foundations, which must of necessity

be very substantial, and which may involve expensive piling and

filling. Second, the space required for foundations, which may
be very valuable, especially in large cities, or may be required

for other purposes and which can with difficulty be spared. A
chimney 250 feet high will require foundations not less than

30 feet square, and in some cases much more. Third, a certain

minimum temperature of flue gases is required to produce an

effective draft and to operate the boilers economically, and this

fact limits the amount of economizer heating surface which can

be used, and consequently the fuel saving obtained by use of

the economizer. The same fact operates unfavorably at small

capacities, which are often unavoidable, when the chimney must

be built large enough for future increase of the boiler plant.

Fourth, a chimney once built limits the maximum capacity of

the boiler plant, and also is liable to be affected by atmospheric

changes which may seriously impair its efficiency.

These objections to the tall chimneys which are so essential

to the use of economizers, do not hold with mechanical draft.

The first cost of a properly designed mechanical draft plant,

exclusive of economizer, is very much less than that of a suit-

able chimney of equal capacity, often averaging 50 to 75 per cent,

less, according to the size of chimney and character of founda-

tions required. The fans and short stack require very little

foundations, even less than that of an ordinary boiler setting.

The space usually required for extensive chimney foundations

can bo utilized for economizers, and by elevating the economizers

and fans upon beams and columns the sj^ace underneath them

can be used for pumps, condensers, etc., as indicated on Fig. 334,

showing " cross section of a typical boiler-house." The space

thus saved is often of great value, especially where land is

expensive.

Natural draft requires that the gases in the chimney bo above

a certain minimum temperature in order to secure a proper

supply of oxygon in the furnace and a good combustion of the
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fuel, whereas vritli mecbaiiieal exhaust draft the amount of draft

obtainable is entirely independent of the temperature of the flue

gases, and when used in combination with a properly propor-

tioned economizer, it is possible to lower their temperature to a

point where the draft of even a very tall chimney would be

practically destroyed.

Fig. 334.—Cross section of a typical boiler-house, showing boilers, stokers

economizer, mechanical draft, feed pump, and condenser.

Mechanical draft possesses great advantages over natural

draft in its flexibility and adaptability to both large and small

capacities, and in its ability to meet sudden and excessive

demands for steam, either by an extra turn of the throttle valve,

or by an automatic regulator controlling the steam supply to the

fan engine according to the boiler pressure. It is unafijected by
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atmosplieric changes, furnishing the desired amount of draft

irrespective of conditions of wind or weather. Operating inde-

pendently of the amount of heat in the stack, it is possible to

obtain a higher temperature of feed-water in the economizer,

and a lower temperature of escaping gases, than could possibly

be obtained with a chimney, and at the same time provide suf-

ficient draft to maintain rapid and economical combustion of the

fuel. There are undoubtedly many boiler plants equipped with

economizers and chimneys, where the draft is so greatly reduced

by the economizer, that it is an open question whether the sav-

ing in fuel by thus heating the feed-water is not more than

balanced by the loss due to imperfect combustion in the furnace
;

and whether it would not result in a greater saving in coal to

cut out the economizer and get better combustion, and a higher

initial temperature due to better draft. Unquestionably the

" black eye," which fuel economizers have sometimes received,

has been often due to bad engineering, and to placing them
where the chimney draft was none too good already ; the result

being, that they not only failed to show the economy which the

purchaser expected, but so impeded the draft that the efficiency

and capacity of the boilers were greatly impaired. It was quite

natural, under such circumstances, that the economizer should

be neglected and allowed to foul up by the accumulation of sedi-

ment within the pipes, and of soot without, until it became a

source of loss instead of economy. A chapter on the use and

abuse of fuel economizers could easily be written, but—" that is

another story."

A mechanical draft plant properly designed, with duplicate

fans and engines of suitable construction, so arranged that one

is always in relay, can be made so reliable that the boilers can-

not be shut down by any ordinary accident. With the fans pro-

perly designed and proportioned to the work, the power required

to operate them is so small as to practically have no effect on

the economy obtained. The mistaken idea that prevails some-

what, even among intelligent engineers, regarding the amount

of power required for mechanical exhaust draft, is probably

caused by the well-known large amount of power required to

drive the high-speed pressure blowers and fans used for forced

draft. Mechanical draft handles a large amount of heated

gasos with slow-speed exhaust fans at a low pressure, and with

a small expenditure of power. To illustrate :—the writer re-
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cently designed a mechanical draft and economizer plant for

6,000 H.P. of water tube boilers, providing duplicate large slow-

running fans of special design, eacli driven by an independent

engine, and each having a capacity, estimated in pounds of coal

burned per hour, sufficient to develop 25 per cent, in excess of

rating, or 7,500 H.P. The power required to drive one fan to do

this work was six-fent/is of one jJcr cent of the boiler horse-power

developed. Or, estimated in coal per horse-power per hour, and

at $3.00 per ton, the fuel cost of operating the plant one year

was two per cent, of the estimated cost of the chimney originally

planned for the plant. In other words, it would not pay to build

the chimney no long as money icas loorth more than tivo per cent, per

anniun.

An illustration of a typical boiler house, showing boilers,

stokers, economizer, mechanical draft, feed pumps, and con-

denser, as shown in Fig. 334, will perhaps be of interest. In this

illustration the economizer is elevated upon columns and beams
to provide for utilizing the space under the economizer for feed

pumps, condenser, etc. The exhaust fans, of which there are two

placed side by side, are equipped with direct-connected engines,

only one engine showing in the illustration, the other being on

the farther side. These fans and engines are of special design,

with protected bearings, self-oiling and water-jacketed, to with-

stand the heat when the economizer is cut out for cleaning or

for repairs, and the hot gases pass directly to the fans. They
are so proportioned to their work as to handle a maximum
amount of gases with a minimum expenditure of power.

The arrangement of the economizer pipes and blow-off con-

nections is worth noticing, in that they provide a means of

blowing out the sediment w^iich may accumulate in the pipes,

and at the same time a complete circulation is maintained in the

economizer. Many extensive plants are now in operation, or in

process of construction in various parts of the country, equipped

with economizers and mechanical draft similarly arranged.

Figs. 335, 336* and 337, show longitudinal section, cross-section

and plan of probably the largest plant of the kind yet built ; viz.,

that of the Philadelphia Traction Co., Philadelphia, Pa. Two
large power-houses are in process of erection and partly in

operation for this company ; one of 7,500 H. P. and one of 6,000

H. P. The illustrations show the arrangement in the Thirteenth

*From drawings kindly loaned by Power, New York.
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and Mt. Vernon Street Power Uouse, where there are twenty

Babcock and Wilcox boilers of 375 H. P. each, arranged in two

parallel rows of ten boilers on opposite sides of the boiler-

room. The other station of 0,000 H. P. is arranged similarly,

except as to the number of boilers. The gases from each row

of boilers are conveyed by flues at the back to the centre of the

--

Fig. 336.—Cross-section of Philadelphia Traction Co.'s boiler-room.

boiler-house, as shown on plan view. Fig. 337, drawn through the

economizers and discharged into stacks by four large slow-run-

ning exhaust fans of special design. These fans are arranged

in pairs, and are of such a capacity that two of them will handle

the gases for the entire plant, thus leaving two in reserve.

The fans are driven by duplicate engines and counter-shafts, so

arranged that either engine will drive any one or more fans, as

desired. The stacks extend but a few feet above the roof, and
are lined with brick to preserve them from the corroding action

74
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of the gases. The feed-water is pumped through exhanst-steam

heaters to the economizers, and thence to the boilers. At the

Thirty-third and Market Street station of the same company,

the fans are driven by engines belted directly, one small engine

to each fan. The economizers as shown on plan view, Fig. 337,

occupy the space originally planned for two tall chimneys, one

for each side of the boiler-house. These chimneys were to have

been 200 feet high with a flue eleven feet in diameter. Two of

the fans are capable of producing a draft equal to that of the

Fig. 337.—Plan of boi]er-room, Philadelphia Traction Co.

two brick chimneys originally planned. The power required to

drive one of these fans, as the plant is now being operated, is

exceedingly small, being less than ten H. P. for each 2,000 H. P.

produced, or less than one-half of one per cent of the poiver de-

veloped by the boilers.

The following data will be of interest, as showing in tabulated

form the results obtained by economizers and mechanical draft

in a number of plants in regular service. In every case the feed-

water was partially heated by exhaust-steam heaters, or in hot

wells by condensed steam from various sources.



MECHANICAL DRAFT. 1171

TESTS OF ECONOMIZER AND MECHANICAL DKAFT PLANTS, SHOWING INITIAL

AND FINAL TEMPERATtTEES OF FLUE GASES AND PEED-WATER IN DEGREES

FAHRENHEIT.

Plants Gases entering Gases leaving Water enter- Water leaving Gain in temp. Fuel saving,
tested. economizer. economizer. ing econom. economizer. of water. per cent.

1 610 340 110 287 177 16.7
2 .nOo 213 84 276 192 17.1

3 550 2U5 185 305 120 11.7
4 5-22 320 155 300 145 13.8
5 505 320 190 300 110 10.7
6 465 250 180 295 115 n.2
7 490 290 165 280 115 11.0

8 495 190 155 320 165 15.5
9 595 299 130 311 181 16.8

DISCUSSION.

^^r. Albert A. Cary.—I believe that I have already spoken,

before this Society, of an apparatus somewhat similar to the

one just described by Mr. Eoney, which I designed and used in

18'^7 ; and this device was certainly an original conception, and,

as far as I can learn, it was the first one of the kind ever con-

structed and operated.

I remember going to the Sturtevant Fan Company, when
working on this mechanical draft, for a fan. They refused to

build it for me, as they said it was impracticable, and that a fan

could not be put to this use, handling hot gases, successfully

;

but now I believe that they are building many fans for this pur-

pose ; and the great value of an induced draft accomplished by
this means is beginning to be quite widely appreciated, thanks

to the careful experimenting and able handling of this device

by Mr. Roney and his associates, Messrs. Westinghouse,

Church, Kerr & Co.

In the steam plant where I introduced this device, in the early

part of 1887, I found that the demand for steam at times was
greater than the supply, notwithstanding the economy that was
practised in its use. The boiler-room had but one vacant space,

and this was comparatively small, where but one boiler could

be placed, which alone would not give sufficient steam. I found
that, when the factory was running regularly, the escaping gases

from the boilers ran from 650'' to 700", so, seeing a chance for
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saving here, I decided that I would put in a Green Economizer

in connection with a new boiler. Now another difficulty con-

fronted me, and that was, with a chimney already too small with-

out the extra boiler, how could I get along, especially after

using an economizer and lowering the temperature of my gases

some three or four hundred degrees, thereby reducing the

efficiency of the chimney still further ?

To build a new chimney, in addition to purchasing a new
boiler and an economizer, was altogether too expensive to con-

sider, to say nothing of the inconvenience of a " shut down "

while the old chimney was torn down and the new one erected.

I finally made up my mind that a forced draft would have to

be used, whereupon I visited many plants using forced draft,

and examined the devices they employed.

All were forcing air under their grates, employing no small

amount of power to drive their fans, and burning their grates

and furnace linings out in very short periods of time.

The best arrangement of this kind I found was in ocean

steamship practice, where they made their stoke-holes air-tight,

and kept the air in them under pressure ; but this system could

not be used in my case, so I finally came to the conclusion that

I was looking in the wrong direction. I had used a steam jet

'

in the chimney, but experience proved to me that it was more a

device to " rob Peter to pay Paul " than it was the one to solve

the problem I had under consideration, as it required a great

deal of steam, while I had no steam to spare ; but, nevertheless,

it increased my chimney draft, and that was what I wanted.

This led mo to think of putting a fan between my boilen^ and

stack, arranged so as to exhaust the air from the furnaces and

force it up the chimney ; as I knew from previous experience

with fans that tlie steam required, when the power was taken

from the large Corliss engine (driving one of our millsi, would

be but a small fraction of that required by the steam jet in the

chimney.

Then, by further reasoning, I tliouglit that it would be a mat-

ter of economy to increase the size of my economizer so as to

take care of the higher tem^ierature of flue gases brought about

by the increased combustion ])or scpiarc foot of grate surface,

through the induced draft, and l()\v(>r the temperature of these

gases as mucli as possible ; as my chimney draft would, with this

device, be entirely independent of the temperature at its base

;
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and I thereupon made designs for this plant, based upon these

theories.

In my first experiments with fans I used those of the propeller

type, such as are used for ventilating ; but as the area of my
chimney was too small for the service, I found that I could not

get pressure enough with them to expel the large quantity of

gases they had to handle ; and in order to obtain this pressure

I was finally obliged to resort to a pressure blower.

As my arrangement diftered in many respects from the plant

described by Mr. Roney, I will make a sketch of it (see Fig.

338 , from which I can describe it plainly.

The arrangement of the five horizontal return tubular boilers

and the one vertical boiler is too plainly shown in the plan and

in the fi'ont and side elevations to need description. The Green

Economizer is also clearly shown, placed directly over the rear

of the horizontal boilers. Directl}' under the floor of the econ-

omizer is placed the main flue, which collects the discharged

hot gases from all of the boilers.

At D and D doors or dampers are shown, which are hinged

at }i and li respectively. By arranging these in the positions

shown, the hot gases must pass along the main flue, from right to

left, and then upward into the economizer, where they pass among
the many vertical tubes, giving up their heat to the feed-water

on their way ; and on arriving at the extreme right end they

plunge downward and turn through the wrought -iron flue

towards the chimney.

By moving the two dampers through an angle of about 90° fas

indicated by the dotted lines), you will see that the economizer

will be cut out, and the hot gases will pass directly (from left to

right) into the wrought-iron flue connecting the main flue to the

fan and chimney.

The position of the fan is too plainly indicated to need
description, and as it revolves it draws the hot gases in towards
its centre, on each side, and discharges them from its outlet

into the chimney. It is needless to say that the faster the fan

revolves the greater the " suction " or draft.

Thus far but very little difference will be seen between this

device and the one described by Mr. Roney, but I will now
proceed to show wherein it lies.

In the fans used by Mr. Eoney, I believe that the bearings

are kept cool by a circulation of water around the journals.
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In my device I used, instead, a large solid-drawn steel tubing

about six inches in diameter, which I obtained from Messrs.

Leng & Co., of New York city.

A rapid stream of cold water passed constantly through this

hollow shaft, keeping the bearings perfectly cool, and as this

water was afterwards used in the boilers, the little heat absorbed

was thus not wasted.

The method I used in connecting my delivery and discharge

water-pipes to this shaft is shown in section in Fig. 339.

A brass stuflfiug-box (a) is first screwed into the end of the

shaft (s). After the packing is placed in the chamber (c) around

the pipe (p), the gland {g) is screwed into place, as shown, and

made tighter by screwing it down on the screw {t).

This 1 found a very effective and tight joint, which allowed

the pipe (p) to remain stationary while the shaft, with its end

fittings, revolved.

One of the points of interest in this device was the method I

used to vary the speed of the fan according to the demand made
upon the steam.

By examining the plan view of this plant you will see that

the fan received its motion through a pair of speed cones, and

the speed of the fan, of course, varied according to the position

of the belt connecting these two cones.

Fig. 340, an enlarged detailed view, will show the method

used to accomplish this change of speed in the delivering cone.

A screw was placed above these cones, as shown, which

carries a nut, which is prevented from revolving with the screw

by contact with a parallel rod. This nut carries a '' belt

shipper," which consists of two rods dropping down and inclos-

ing the belt (which connects the cones) between them, thus

:

when the screw is revolved in one direction the nut moves

towards the right, carrying the belt with it, and thereby increas-

ing the speed of the delivering cone. Necessarily, when the

screw is revolved in the opposite direction, the belt moves

towards the left, and the speed of the delivering cone decreases.

To accomplish this end, a rectangular framework, such as is

shown in Fig. 340, was constructed, and supported on the left-

hand end of the long screw.

This siipport formed an axis on wliich this framework

vibrated, or performed a fractional part of a i evolution.

At the left end of each of the two cones, friction disks were
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An.BtukKouCo.M.T'

Fig. 340.
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placed, so as to be directly under two friction wheels (/

1

and y"2) in the rectangular frame.

When the frame was tipped so that the friction wheel /2 was

brought into contact with the friction disk d 2 (supposing the

belt to be running in the direction indicated by the arrow), it

would communicate its motion through the gearing to the screw,

so that the top of the screw would move away from the cone in

contact. Of course, when the other friction wheel if I) was

brought into contact with the other friction disk {d 1), the direc-

tion of revolution in the screw was reversed.

The oscillation of this framework carrying the friction wheels

was accomplished by means of a Hallock damper-regulator, as

shown clearly in the side elevation, Fig. ''40.

This regulator consists of a cylinder, having a piston which

moves up and down. The pressure of the steam is exerted

against the under side of the piston, which raises it and its

piston-rod, and this is counterbalanced by weights, which are

suspended beneath, as shown.

When the pressure of the steam exceeded, say, ninety pounds,

the piston was raised, pushing the piston-rod and lever up,

through a limited distance. This, of course, brought the fric-

tion wheel /I, aud the friction disk dl, into contact, and the

speed of the fan was reduced.

On the other hand, when the pressure was less than 90 lbs.,

the weights caused the piston to descend, and the other fric-

tion wheel and disk were brought together, which quickened

the speed of the fan, and by this means the greatest uniformity

of steam-pressure was obtained ; and as the draft was limited by

the demand for steam, a considerable economy resulted in the

consumption of the fuel, as the combustion of coal, of course,

is limited by the quantity of air passing through the grate

bars.

While the factory was running regularly the power to diive

the cones was taken from the large engine, but, when this was

not running, a small auxiliary engine was thrown into service by

means of friction pulleys.

One other somewhat novel idea was employed by me in this

plant.

It consisted of a device for closing the damper in the in-

dividual flue of each boiler, when the fire door was opened for

stoking or cleaning.
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It was invented, I believe, by Mr. John Ashcroft of New
York city, and is illustrated in Fig. 341.

The door on the right, of the pair shown, lapped over the

one on the left, so that it

was necessary to open it first.

A piece of gas-pipe passed

through the hinges, and

turned with the door. At

the upper end of this piece

of pipe a lever was fastened,

and a connection ran from

this lever back to the damper,

and thus the door, gas-pipe,

and lever, all moving around

together, caused the damper

to close, and the great influx

of cold air was thus avoided,

with all its attending evils.

As the damper device

was carefully balanced by

weights, the opening of the

door was a very easy opera-

tion. Am,BajJlNi)UiCo.N.y.

Fig. 341.The President.—I do not

think there is anything before

the profession more important than this very matter. You can

hardly make people believe the immense amount of money
wasted in chimneys. The question of the cost of running a

chimney was discussed at great length and with great ability by
Prof. Benjamin W. Frazer of Leliigh University, in a paper in

the Transactions of the American Institute of Mining Engineers

some ten or fifteen years ago, and there he says—not only says

but demonstrates, after a very careful analysis of the question

—

that the most expensive way of getting a draft is a chimney,

even if somebody gives you the chimney ; and in our own works

we only have about 12 feet of the chimney above where the feed-

water heater which is in the stack ends ; and in certain of our

works we have what I think in one of my papers I said that

one dude called another—a combination of a "blower" and a
" sucker ; " that is to say, we force the air hard enough just to

make it get through the fuel, so that above it we have practi-
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cally neither a plenum nor a vacuum, and then we suck it

through the furnace. We find there is a certain velocity which
we want, and if we go above it we get carbonic oxide in our

stack and have the stack too hot. If we go below it, we get

inefficient combustion ; and my belief is, just as Mr. Koney says,

that you want to control absolutely, and perhaps automatically,

the flow of your waste gases through the furnace.

Mr. Geo. I. Rockwood.—There are two purposes for which a

chminey is used in stationary plants ; one is to create a sufficient

draft, and the other is to get rid of obnoxious gases. This last

object is attained only by giving the chimney sufficient height

above the surrounding buildings, as no amount of air pressure will

hurl the products of combustion vertically against a slight wind

pressure across the top of the chimney. Often, in order to prop-

erly rid the surrounding buildings of soot, etc., the formation

of which the best automatic stokers do not entirely prevent, it

is necessary to carry up the top of the chimney to a consider-

able height, as, say, from 100 to 150 feet in manufacturing dis-

tricts, and very much higher in thickly settled city districts. I

refer to this because Mr. Koney advocates (see page 1164 and

illustrations ) the use of a short steel stack, only high enough to

clear the roof of the boiler-house, and because there are several

large boiler plants with induced draft and excessively under-

sized chimneys in operation about the country, which, in this

respect, stand for anything but arguments in favor of the sub-

stitution of artificial draft for natural draft.

The other purpose of the chimney—tlie creating of a sufficient

draft—is as often fulfilled as a result of carrying up the chimney

to a proper height to get rid of the gases as not. The cases

where a chimney would naturally be built lower than a height

great enough to afi'ord proper draft are, I believe, rather infre-

quent, and are confined to very large plants, such, for example,

as the plant described in the paper ; but even in this case I con-

fess it seems to me injudicious to curtail the stack quite so much

as shown in the illustration. Where, however, it is possible to

use the short stub of a chimney and the suction fan connected

in the manner shown, especially where the plant is a large one,

requiring otherwise an enormous brick stack, the illustrated

design is undeniably a very clever and excellent substitute, even

in tho matter of cost, while there is the great advantage of a

draft controllable at will.
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The question of the wisdom of employin^^ mechanical draft is

not, however, to be confounded with that of the wisdom of intro-

ducing feed-water ilue-heaters into the path of the waste gases,

although the two matters are closely related in the paper. It

is not at all clear in my own mind that the flue-heater is neces-

sarily, in new plants, a wise investment, though I am open to

conviction on this point. I would feel obliged to Mr. Roney if

he would add to his interesting paper tables showing the ulti-

mate saving in money due to the addition to the plant of the

heater, after paying the two items of interest on cost of heater,

setting, and ground occupied ; of outlay for repairs and extra

attendance ; reckoning coal at $4 per ton. I will calculate the

saving which it appears to me would be realized in the case of

an ideal plant having compound engines of say 1,000 H.P., and
working under the best conditions. Suppose steam to be made
at a pressure of 130 lbs. in the boilers. It would be the result

of poor design and upkeep if the temperature of the flue-gases

were as high as 610°, the highest figure given by Mr. Roney in

the table. Under the best conditions that temperature should

be not over 430''. Now the fuel saving due to the flue-heater

will depend upon the increase in temperature which it gives

to the feed before the water passes into the boilers. If

there are any non-condensing engines or pumps at hand, their

exhaust may be utilized in an ordinary pressure heater to raise

the temperature of the feed from, say, 90° to 212°, If no exhaust

steam can be thus utilized, then steam may be taken from the

receiver of the compound engine for this purpose. (By the way,

it will not do to use a pressure heater in connection with the

receiver, as it is impossible thus to save the latent hea-t of the

portion of steam passed through the heater. There is a better

type of heater for this purpose, known at sea as Weir's Feed-

water Heater and on land as Webster's Vacuum Economizer. The
principle of this heater is that of the jet condenser, and the con-

densing effect of the feed-water is that which causes the flow of

steam into the heater without need of an opening through it to

the atmosphere. The intimate and direct mingling of the steam
with the water causes the complete absorption by the latter of

the sensible and latent heat of whatever steam flows to the

heater. Such steam, therefore, works through a perfect cycle,

there being no expenditure of heat for any other purpose than
that of making power in the high-pressure cylinder. If it were

•
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passed along from the receiver into the low-pressure cylinder

instead of into the heater, it would finally exhaust as steam into

the condenser, and the principal part of its heat—that latent

—

would go off to the overflow. Looking at the matter in a differ-

ent way, suppose one-half of the total work to be done in each

cylinder of the compound engine ; then the quantity of steam

abstracted from the receiver for use in the heater would be

saved, but one-half of its total capacit}'' for doing work would

be sacrificed. Consequently but one-half of the apparent saving

due to heating the feed-water from 90 —temperature of hot well

—to, say, 220', the temperature of the steam in the receiver, or

through ISO"", would be really lost by reason of the sacrifice of

work done in second cylinder. If 12" rise in temperature cor-

responds to a saving of V/c, then the Webster Economizer will

save 5^^ of the total coal.)

As we have assumed that the boilers operate compound

engines, the economizer can get water at 220' and heat it to,

say, 260°, as we have assumed 430° as the temperature of the

waste gases. The difference is 40^ which corresponds to a sav-

ing of something more than dfc This, then, unless I have as-

sumed conditions impossible of fulfillment, is all that can be

relied on as the saving due to adding the economizer to the

equipment of the plant, if the plant is worked to the best ad-

vantage. The question I ask is : what proportion does the cost

of the 3^ of coal saved bear to the interest on the first cost of

the economizer, plus the cost of keeping it clear of soot, pl^is

the cost of increasing the draft to the extent Avhich it is reduced

by the action of the economizer, plus the interest on the ground

occupied by it ?

Of course, I am aware that the table of savings given by Mr.

Roney is correct, but does it represent conditions sometimes to

be met with in existing plants of overworked boilers, foul with

soot, or is it reallj^ representative of the best possible prac-

tice ?

Mr. Roney.—I think that Mr. liockwood misunderstood

entirely the purpose of my paper. It is to show the advantages

of mechanical draft as compared with chimney draft, both

in first cost and in efl&ciency. This is especially evident when
economizers are used ; and the question he raises, whether it

will pay to put in economizers or not, depends upon wliat you

pay for your coal, and how much you burn per annum. A
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boiler plant can be so small, or the price of coal so low, that

the saving by the economizer will not pay interest on its cost.

The President.—Another very important point is whether
you have to pay a high price for stoking. The amount of that

is a question to which I do not think sufficient attention is often

paid. That is, in large cities where there are large unions, the

firing is expensive in proportion to the amount of coal you
put in. But where you can use automatic stoking, it probably
is entirely different, because there, roughly, the cost of stoking

is not so much a function of the cost of labor.

Mr. Roney.*—The advantages of automatically controlling the

draft are well shown in a mechanical draft plant which I

designed for use in a distillery in Peoria, 111. The fan was
driven by a direct-connected engine, and the steam supply to

the engine controlled by a lever valve connected to an auto-

matic pressure regulator. The effect of automatically con-

trolling the speed of the fan, and thereby the amount of draft,

was at once seen in the uniformity of the steam pressure.

Before the mechanical draft was installed, the recording steam-

gauge in the still-house showed a variation in pressure often

as great as forty pounds, due to sudden and excessive drafts

of steam for the cookers. After the fan was put in operation

the greatest variation in pressure for a period of thirty days

was five pounds. The benefit of this uniform steam pressure

was apparent in increased product and greater ease in working.

The effect was also so noticeable in the fire-room that the

proprietors thought the firemen were having too easy a time.

They were found sitting around, and not Avatching the steam-

gauge as closely as they were obliged to before the mechanical

was put in.

Mr. Gary has given a very interesting account of an in-

genious combination of a number of well-known elements

necessary to an economical plant. He is in error, however,

in thinking that the combination he used in 1887 "was the

first one of the kind ever constructed and operated." Over
twenty years ago Messrs. J. Edwards & Son, Halifax, York-
shire, England, installed a Green Economizer in connection

with eight large boilers, the draft being induced by an ex-

haust fan, which discharged the waste gases into an iron stack

twenty feet high above top of fan. This bit of mechanical

* Author's Closure, under the Rules.
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draft history, wliicli I came across when preparing my paper,

is one more illustration of how easy it is for engineers

thousands of miles apart, when seeking to obtain a certain

result, to adopt substantially the same means for its accom-

jjlishmeat.

In conclusion, I venture the prophecy that the time is not

far distant when tall chimney building will be one of the lost

arts, and the progressive engineer will point, as his monument,

not to the tall and expensive chimney of the past, but to the

comparatively inexpensive and economical mechanical draft of

the future.
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DCV.

MEMORIAL NOTICES OF MEMBERS DECEASED
DURING THE YEAR.

GEORGE H. BABCOCK.

[Note.—A memorial monograph of Mr. Babcock, a former president of the

Society, with portrait, will be found at page 636 of this volume.]

FRANZ GRASHOF.

(Honorary Member.)

We hare the sad duty of chronicling the death, on October 26,

1893, of a distinguished colleague, an honorary member, Franz

Grashof, than whom none is more distinguished or beloved on

either side the Atlantic. His work has made him immortal ; his

character has given him many friends, in whose memories he will

always h? preserved. He was born at Diisseldorf, July 11, 1826,

the son of Prof. Karl Grashof. He was educated in the Gymna-
sium and Eealschule of his native city, in the Gewerbeschule

of Hageu, and, from 1844, in the Gewerbeinstitut of Berlin, in

which latter college he studied mathematics, physics, and

machiue construction as specialties. He served in army and

navy from 1S47 to 1851, obtaining in the three years of included

sea-service a valuable practical knowledge of the working of the

marine engine, and of the operation of steam machinery at sea.

He continued his studies at Berlin between 1851 and 1854, when
he commenced teaching in the preparatory schools, conducting

work in mathematics, mechanics, and machine construction.

On the first of October, 1851, he became an instructor in the

Gewerbeinstitut of Berlin, and thenceforward rapidly gained

standing and prestige in technical work. He went to Karlsruhe

in 1863, succeeding Redtenbacher, and gave his time to instruc-

tion in the school of machine construction. He held the direc-

torship of the Technical High School, Karlsruhe, from 1867-8 to

1885-H. inclusive. In 1868 he received a call to Aachen; he
was called twice to Miinchen, and received many honorable titles

and invitations to high positions in his chosen field of work
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From 1882 Grasliof was invalided and liis work seriously inter-

rupted. He finally died, October 26, 1893, leaving a widow

—

nee Henriette Nottebolim—and two children.

Grashof, during his years of vigor and health, was a volumi-

nous writer and author. His works were distinguished by their

learning and exactness, and their firm foundation upon the prin-

ciples of pure mathematics and mechanics. His largest works

were his Theoretische Maschinenlehre, his Theorie der Elastizitat

und Festigheit, and his ResuUate der mechanischen Wdnnetheorie.

He was one of the founders of the Verein Deutscher Inge-

nieure (1856), and a member of a number of other learned socie-

ties, including the American Society of Mechanical Engineers,

of which he was made honorary member, Nov. 6, 1884.

Dr. Grashof was a distinguished man of science, a learned

member of the profession of engineering, a famous investigator,

a great author, and a most successful teacher ; but his personal

character, his noble aspirations, his kindly disposition, his

loyalty to his friends, his fair and kindly criticisms where

criticism became an unavoidable duty, his loving and lovable

nature—these were, after all, what gave him that affection and

respect, on the part of pupils and friends, which were his most

comforting experiences during life, and which will long remain

in the hearts and memories of all who knew him. The profes-

sion of engineering also has lost in Grashof one of its greatest

exemplars.

JOHANN BAUSCHINGER.

(Honorary Member.)

Prof. Johann Bauschinger was born June 11, 1834, at Nurem-

burg, Germany, of humble parentage. At an early age he

gave evidence of aptitude for mathematics and the natural

sciences. He graduated from the Polytechnic Scliool of his

native place with honors, and thence went to attend the Univer-

sity of Munich, where he devoted his attention to mathematics,

pliysics, and astronomy. In 1850 he was called to teach in the

Polytechnic School at Augsburg, but the following year was

appointed instructor of mathematics and physics in the Royal

Trades School at Fiirth. Since 1808 ho has been a member of

the faculty of the Technical High School at Munich, where he

occupied the chair of mechanics and graphical statics, and was
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charged with the erection and direction of the physical testing

hiboratory. While at Fiirth he developed literary activity,

especially contributing papers to the teclmical press on " practi-

cal mechanics *' and the " mechanical theory of heat," and also

a work, published independently, on " popular mechanics."

In 1871 he published a work on "graphical statics" which has

had several editions and has been translated into Italian and

Russian. It is noted for its lucid and intelligent expositions.

However, his most important literary works are undoubtedly

his technical investigations, and his very first work in this field

characterizes him as an exceedingly circumspect, skilful, and

painfully conscientious observer, who reached his aims with

unusual patience and pertinacity.

The investigations described in this first work, entitled

Indirator T'Sis of Locomoiives, were commenced in 1865,

and he completed them under great difficulties while at the

same time attending to his classes. This work, which appeared

in vols. xiii. and xiv. of Der Givilingenieur, has been published

.sej3arately and is a classic on the subject at the present day,

and attracted the general attention of the technical classes to

the author. But Bauschinger's main field of investigations was
" testing of materials," and in connection therewith his name
will be mentioned for years to come. The results of these

researches were at first published by the Bavarian Association

of Architects and Engineers, but later in the Mittheilnngen aus

dem mechanisch-technischen Lahoratorium d'ir Hochschule Muenchen

(Communications of the Mechanico-technical Laboratory of the

Munich High School).

To Bauschinger belongs the credit of having called into ex-

istence the first modern public testing laboratory in Germany,

which has since served largely as a model for most of the

subsequent establishments of the kind.

He has developed our methods of testing in a material man-

ner, by devising delicate auxiliary measuring apparatus. For

example, his application of the Gauss method of mirror meas-

urements has enabled us to observe behavior of materials in

an absolutely accurate and infinitely delicate manner. By his

mirror-apparatus, elastic deformations of the heaviest parts of

machinery or bridges can be most readily observed, and it is due

to him that the work of German investigators has become the

most reliable and accurate of any.

75
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His investigations of the properties of cements, mortars, arti-

ficial and natural building stones, are given in Parts 1, 7, 8 ; 4,

5, 10, 11, 1^, and 19 of the JMittlipihmgen. In the former he

treats of cements and cement and lime mortars, and in the latter

of artificial and natural building stones ; he describes various

methods of investigations, and compares them in a most admir-

able manner. His especially numerous tests of elasticity and

resistance of building stones must be described as " classical."

The use of mirror-apparatus, of spherical supports, the eluci-

dation of effect of friction of supports, the necessity of greater

distance between end bearing surfaces from gauge marks, the

effect of soft bedding strips (lead, rubber, and paper) for these

surfaces in compression tests, have been presented in such a

masterly manner that it is a pleasure to follow his demonstra-

tions.

In Part 6 of " Mittheilungen,''^ Bauschinger treats of the laws

of resistance to compression by first reviewing the earlier

work of English and French investigators, and then adding his

own tests and experiments. He at first confirms the law of sim-

ilarity, in accordance with which similar bodies of the same

material suffer similar deformation under equal loads, brit-

tle bodies showing equal resistance to crushing, and then he

determines the laws which govern relation between the ultimate

resistance and length and shape of cross section of the com-

pressed material.

The effect of decreased bearing surfaces or eccentric loading

is studied, as well as the appearance of fractures, in which par-

ticular reference is had to the pyramidal fractures in compres-

sion tests.

Parallel bending, tension, compi'ession, and shearing tests of

each material have been studied most exhaustively. For deter-

mining wear or abrasion of stone a special method is devised
;

and the methods of determining permanency of stone under

effect of frost and weather are compared and very much
simplified.

In connection herewith his investigations of strength of iron

and stone columns and their resistance under the action of fire,

as reported in Parts 12 and 15 of the MittheUunfjen, must be

mentioned.

Just as these investigations have given a remarkable impetus

to similar work by others, his circumspect and careful tests of
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timber described in Parts 9 and 16 have been followed by later

investigators very closely.

Parts 2, 3, 13, 20, and 21 treat of the properties of metals, as

does also a paper on " The Properties of Iron and Steel," con-

taining the numerous investigations carried out by order of the

Association of German Railroad Managers ; and his report on

"Tests of Resistance of C.ist-iron, Iron, and Steel of the Re-

schitza Works," prepared for the Paris Exposition of 1878 by
request of Austrian state railways.

We may here mention his reports in Part 13, on " Changes of

Elastic Limit and Resistance of Iron and Steel due to stretch-

ing, crushing, to warming and cooling, and to oft-repeated

loading," as classics on the subjects treated. By these we are

enabled to trace the connection between the usual tests of

resistance of structural materials and Woehler's tests of repeated

loading, as Bauschinger's laboratory contained a full set of the

necessary machines for such investigation, and he devoted many
years to the study of their results. At the time of his death

he was engaged in further study and investigation of the effect

of continued use or loading, and in future very much greater

attention will be devoted to this subject, especially should

his successor carry out the work on Bauschinger's plan and
methods.

And last, but not least, must be mentioned the fact that it

was mainly due to Bauschinger's energy, tact, and indefatigable

labors and uniform amiability, that the now famous " Confer-

ences on Unification of Tests and Methods of Testing Structural

Materials" have been so eminently successful. Had it not been
for his guiding hand, constant vigilance to avoid dangerous dis-

cussions and to straighten out tangled arguments, it is doubtful

whether so much could ever have been achieved, with a volun-

tary- assemblage of manufacturers on one hand and users of

materials on the other, with a third party of investigators or

direc'^ors of laboratories between them.

Although these conferences are entirely voluntary, and their

resolutions are not binding, but merely the expression of the

most advanced and correct opinions bearing on the subjects

discussed, it is truly remarkable that they have exerted such
lasting influence throughout the civilized world. And this

crowning fact is mainly due to Bauschinger's honesty, integrity,

and character as a man.
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Professor Bauscliinger was elected an honorary member of

the Society in 1884, and died November 25, 1893.

STEPHEN WIF.COX.

Stephen Wilcox was born at Westerly, K. I. His earliest

experiments in the mechanical field resulted in the invention

of a practical caloric or hot-air engine, previous to Ericsson's

first attempt, both men submitting their engines to the Light-

house Board, by whom they were to be used for operating fog-

horn signals.

In 1856, finding that the caloric engine was likely to be lim-

ited to small powers, he directed his attention to a form of

safety boiler, and invented a set of inclined water tubes con-

nected to an overhead steam and water reservoir, across which

the tubes carried the current of hot air from the fire.

It was at this time that, in connection with his life-long

friend and partner, Geo. H. Babcock, the Babcock & Wilcox

engine was developed, which was manufactured by a number of

leading builders, among them the Hope Iron Works, Provi-

dence ; Morton Poole & Co., Wilmington; Poole & Hunt, Balti-

more ; and C. & G. Cooper, Mt. Yernon, Ohio. The develop-

ment of the boiler business, and the fact that at this time the

Corliss patents became public property, induced the firm to dis-

continue the manufacture of this design of engine, nlthough the

smaller upright engines of the New York Safety Steam Power
Company received a good deal of attention at the hands of

Mr. Wilcox.

The Babcock & Wilcox Company became a corporation in 1881,

at which time Mr. Wilcox retired from active business life, but

kept on making experiments on multiple-expansion engines,

with high pressure, in connection with marine boilers, and

derived much pleasiire from a yacht upon Avhich these ideas

were carried out.

In his birthplace, at Westerly, a library building is a monu-

ment to his public spirit and generosity; and besides the

library and other rooms, it is to contain in its basement a gym-

nasium for the lads of the town.

He died of pneumonia, November 27, 1893.

JOHN ir. IIAliUIS.

Mr. Harris was born in Troy, N. Y., January 4, 1838. He was

a direct descendant of Patrick Henry and of Roger Williams, so
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that his ancestry belongs to that which was best in the develop-

ment of New England character, in combination with that sturdy

patriotism which characterized the early patriots of Virginia,

His education in Vermont and at Springfield, Mass., was intended

to fit him for Yale College, but this plan was given up, and at

eighteen years of age he went to sea. He made several voyages

to China and Japan, in the last of which he had a narrow escape

from shipwreck on the Nova Scotia coast. On his arrival in

New York in June, 1861, he at once enlisted as a volunteer in

the navy, and while attached to the United States steamships

AUxifross, Poiohatan, Vickshurg, and other minor assignments,

he participated in the battle of Port Hudson and in numerous

engagements of the squadrons both of the Atlantic and of

the Gulf.

Honorably discharged in 1866, he spent a couple of years in

the study of law^ under Senator Hoar, of Worcester ; but the rou-

tine was disagreeable, and he entered mercantile life. He was

in charge of the New York office of the George F. Blake Manu-
facturing Company ; was connected with the Deane Steam Pump
Company, and afterwards organized the Harris Steam Pumping
Company.
He has, however, become best known to engineering from his

connection with the Worthington Pumping Engine Company,
as vice-president and general manager of the branch in Great

Britain, lending his immense energy and business efficiency to

the advancement of the interests of the firm both in Europe
and in this country.

He connected himself with the Society in 1890, but for the

last two years of his life has been a great sufferer from the

progress of the disease which, although alleviated by a most
skilful and successful operation, yet was ultimately the cause

of his death.

He passed away in this city, January 22, 1894

SETH BATEMAN WEAVER.

Mr. Weaver was born at Newport, R. I, September 23, 1858.

He graduated from Worcester Institute in June, 1881, and
worked afterward as journeyman in shops operated in connec-

tion with the institute. In 1882 he became journeyman tool-

maker with the Cro.mpton Iron Works, and later in same year
became inspector of finished piece-work with the Deane Steam
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Pump "Works, of Holyoke, Mass. He remained with this com-
pany as chief draughtsman until January, 1884, when he took the

position of chief draughtsman of the elevator department of the

Crane Brothers Company, of Chicago, which position he held

at the time of his death, February 22, 1894. He was to have

been made superintendent of the entire elevator works, had he

recovered from the severe operation which was the immediate

cause of his death. Aneurism of an artery had followed an

accidental discharge of a gun nineteen years ago ; but, in spite

of this limitation, he had done the work of more than one man,

not only in the drawing-room, but as patent expert for his

company. Hemorrhage set in nine days after the successful

amputation of his limb.

He Joined the Society at its June meeting, Providence, 1891.

EDWARD BARRY WALL.

Mr. Wall was born in Kingston, N. Y., April 25, 1856. He
graduated with the degree of M.E. from Stevens Institute of

Technology, at Hoboken, N. J., in 1876, in the first large class

turned out by that institute, and the fourth graduated from it.

The ability displayed in his graduating thesis, on the subject

of car framing, led to his appointment under instruction, from

July, 1S76, to June, 1879, to the Altoona shops of the Pennsyl-

vania Railroad. From June 29, 1879, to January 1, 1882, he

was in charge of special investigations and tests, and an

inspector of materials for that company, and assistant to the

general foreman of the Altoona car-shops, with experience as a

designer of cars.

He acted as assistant master mechanic of the Columbus

shops of the P., C. & St. L. Ry. until November J, 1882, and

was assistant superintendent of motive power until June 1,

1883, when he was appointed superintendent of motive power

of the southwest system of the Pennsylvania lines, with head-

quarters at Columbus. In April, 1893, he was detailed to act

as assistant to the first vice-president, with headquarters at

Chicago, and with special charge of the interests of the Penn-

sylvania lines in connection with tlie World's Columbian Expo-

sition, after the close of which he was a])])ointed assistant to the

general manager of tlie lines west of Pittsburg, with headquar-

ters at Pittsburg.

Mr. Wall was a notable illustration of the responsibility borne
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bv young men of this country. His appointment, at the age of

twenty-seven, to a siiperintendency, has been referred to as

probably the youngest age at which any man was ever

appointed to so responsible a position in an old-established

oouipauy. His best-known public service was in connection

with the work of the Master Car Builders' Association upon

the automatic coupler question. It has been said that the

advanced status of practice to-day in these matters is due to

him more than to any other one man.

He connected himself with the Society at the Pittsburg

meeting ia June, lS8i. His death, April \, 1894, was due to

peritonitis and shock, following an operation for appendicitis.

He was universally liked and respected, and his untimely

death is deeply regretted.

GEORGE SELDEN.

Mr. Selden was born September 27, 1827, in the city of Erie,

Pa. In 1844 he went to sea as a sailor in the East India trade,

which at that time compelled a three years' absence from his

home. On his return he was among the first to go from Erie to

the California gold fields in the winter of 1848-49. On his

return to Erie after this experience he entered business with

Col. John H. Bliss, in the manufacture of barrels, but the

business received a great advance from the development of

oil in Pennsylvania, out of which grew the Erie City Iron

"Works, an establishment employing over seven hundred men,

and perhaps the largest establishment devoted to boilers as

a specialty in the United States, if not in the world. The

success of this enterprise permitted Mr. Selden to indulge

his taste for travel, and his collection of curiosities from all

parts of the world was very interesting.

He was an active member of the church with which he had

connected himself in 1858, just after his marriage, and in which

he had held ofl&ce for many years. His benefactions have been

called princely.

The records of the Patent Office from 1869 to 1892 contain

many patents issued to Mr. Selden ; at first for saw-mill

machinery, later for special machinery for oil work, aad lat-

terly for details of boilers and engines.

He connected himself with the Society in the Associate grade

at the Scranton meeting in the autumn of 1888, and died May
28, 1894
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0. A. LANPHEAR.

Mr. Lanphear entered tbe profession of engineering from the

practical side ; he became an apprentice in Cleveland in 1868,

passing through the pattern and blacksmith shop, and finally

intrusted with erection, both inside and outside of the shop.

In 1873 he. took charge of the works of the Humboldt Manu-
facturing Company, in Kansas, builders of iron bridges, and in

1876 he moved to Logansport, Indiana, where lie was engaged

in building turbine water-wheels and erecting machinery.

From 1878 to 1884 he was obtaining his theoretical edu-

cation, first at Franklyn College, Indiana, and later at the

Stat3 University at Columbus, Ohio. On graduation he be-

came a member of the firm of Minot and Lanphear, and in 1885,

with liio partner, entered the Columbus Buggy Company, and

for several years served as foreman of the machine shop. The

latter years of his life were spent in the general management

of a Cincinnati company making a specialty of sanitary ap-

pliances.

He connected himself with the Society at the New York

meeting of 1886, and died May 24, 1S94, from an accident due

to a runaway team.
WALLACE H. DODGE.

Mr. Dodge was born July 10, 1849, at Misliawaka, Indiana.

He entered his father's store as bookkeeper after completing

his education at the University of Notre Dame in his native

State. In connection with his business he learned the trade of

machinist and copper-smelter and tinner. In 1878 he com-

menced manufacturing in the lines of wood specialties and

hardware. In 1881, in connection with George Philion, his

superintendent, the first experimental wooden split pulleys

were manufactured, which since 1884 have been so widely

distributed under the trade name of the Independence Wood
Split Pulley. In 1886 the Dodge system of transmission of

power by round ropes was devised, the characteristic being a

continuous rope making several turns around driver and driven

pulley, with a take-ap device at the end of the series of wheels,

which this continuous rope enveloped. The young enterprise

of the Dodge Manufacturing Company was burned to the

ground in 1881 by a lightning stroke, but his energy, ability,

and re])utation succeeded in building up the business which

survives him. Since his return from Europe with the party
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of American ongineers in 18S9, Mr. Dodge has been in ill

health, which has conipelled absence from home for treatment,

but his iutlueuce in his native town was not nnfelt, and it is to

his energy that the introduction of water works and an electric

lighting system is credited.

He became a member of the Society in the Associate grade

at the Erie meeting of 1889, and his death, on September 10,

1894, was due to neuralgia of the abdomen.

EMIL J. FLACH.

Mr. Flach was born April 28, 1864, in Sweden. He graduated

from the Swedish State College at Upsala, whence he entered

the Royal Polytechnic Institute in Stockholm, from which he

graduated in 1888. He served an apprenticeship at the works

of the Stafsjo Engineering and Gun Manufacturing Company,

and later attaclied himself to the Bergsund Engine and Ship-

building Company at Stockholm.

He had service at sea on the two Swedish steamers Motala

and Bergsund^ and after that served in the Maxim-Nordenfeld

Gun and Ammunition Company.

Coming to the United States, he attached himself first to the

Columbian Iron Works and Dry Dock Company, at Baltimore,

Md., and later to the Pennsylvania Steel Company, at their

Sparrows Point Works. In July, 1890, Mr. Flach entered the

service of the United States Government as draughtsman in the

Bureau of Steam Engineering of the Navy Department, and it

was upon the recommendation of Commodore Melville that Mr.

Flach was retained for the responsible position of chief draughts-

man with the S. L. Moore and Sons Company of Elizabeth, and

this position is the one held by Mr. Flach at the time he joined

this Society, at the New York meeting of 1891. He retained it

until he was appointed representative from Sweden to be pres-

ent at the experiments made with the John Ericsson submarine

gun. His commission resulted in an elaborate report to the

Swedish Government, and its author returned to the old country.

In November, 1"',92, Mr. Flach became assistant engineer of

the Swedish " Neptune Salvage Company." and took part in the

work of raising H. M. S. Hov)e, sunk at Ferrol. It was in an

attempt connected with this submarine undertaking that Mr.

Flach overtaxed his strength, and contracted the malady which

ended his life but a few weeks later. He was obliged to place



1194 MEMBERS DECEASED DURING THE YEAR.

himself upon the sick list only a few days before the successful

raising of the Howe, and although all possible care was taken,

no signs of improvement appeared. He was sent in June to

the Marine Hospital in Plymouth, England, and fi-om thence to

his home in Sweden, installing himself at the Sanatorium at

Morsil.

His death occurred at this place, September 2, 1893.

WILLIAM HENRY PATTON.

Mr. Patton was born July 7, 1831, at Princeton, N. J. After

receiving the degree of Civil and Mechanical Engineer, at

the University of New York, Mr. Patton devoted himself to

mining and quartz milling from 1852 to 1886. From 1866 to

187'4 he was constructing engineer for a number of silver and

gold mining companies in Nevada and California, among them

the Old Colony, Keystone, the Plumes-Eureka, etc. He was

also assistant superintendent of construction of the United

States Mint at San Francisco, and from 1874 to 1877 was con-

structing engineer for the syndicate Mackay, Fair, Flood, and

O'Brien, in Virginia City. From 1877 to 1882 he was their mining

engineer, and at the time of his death was mining engineer with

the Broken Hill mines, in New South Wales.

Mr. Patton's first introduction to public notice on the Corn-

stock was as chief engineer in the service of the Pacific Mill and

Mining Company. While in that position he had much to do

in the construction of two mills for this company, the Consoli-

dated and California mills, the largest mills ever erected in the

State of Nevada. These mills were run by powerful compound

condensing engines, which were devised in part by him, and put

in place under his immediate supervision. He supervised

the draughting and putting in place of the powerful machinery

for pumping at the Consolidated aiid California shaft, and at the

Sierra Nevada, Mexican, and Union shafts ; and he was frequently

consulted by mining superintendents in regard to the construc-

tion of machinery at their mines. He claimed the credit of

introducing on the Comstock the metliod (then new) of deep

pumping by direct action with the Cornish system of jnimps.

Ho also planned the running of the California mill by wire-rope

transmission of water power under a 1,500-foot pressure, and

superintended the carrying out of the plan.
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He was elected superintendent of tlie Consolidated Virginia

and California mines in tlie year 1878, when the prospects of

these two mines were somewhat on the wane, and he continued

to fill that office until he left in the latter part of 1887 to take

charge of the Broken Hill mine in Australia. He developed the

same capacity as a mining engineer as he had shown as a

mechanical engineer. The most notable event in his career as

miuiug superintendent was the finding and developing, after

diligent and systematic working, of an important body of ore in

the Consolidated Virginia and California mines, which placed

those mines on a dividend-paying basis and restored public con-

fidence in the Comstock lode.

In the month of December, 1886, a fire, which had been

smouldering since the year 1881, broke out in the timbers of

the old stopes of the California mine on the 1,600-foot level,

and threatened a cessation of the working of the mine. By a

masterly use of mechanical appliances in injecting carbonic acid

gas through the burning section for a period of four months, he

succeeded in extinguishing the fire ; and this enabled the work
of extracting ore to be resumed, which continued for some time

with profitable results.

Mr. Patton was an ardent lover and devoted student of physics

and mechanical science. Although of a naturally modest and
retiring disposition, he always came to the front in case of an
emergency. Well remembered is his heroic action when, at the

risk of his own life, he took the lead of a band of brave men
and rescued some miners who were being walled in, in a drift

on the lower level of the Alta mine, by a strong flow of water

which was beginning to fill the mine shaft.

Another event which occurred a few years ago also showed
the quality of the man. A fire broke out in the incline shaft of

the Gould and Curry mine, and this was accompanied with a

caving of the surrounding ground, which imprisoned a number
of miners with no apparent chance of exit. Mr. Patton was
early on the ground, giving valuable advice as to what should

be done to rescue the men, fearlessly taking an active part him-
self, and directing movements in the face of that terrible catas-

trophe.

He became a member of the Society at the New York meet-
ing in 1882, and died August 7, 1892, at San Eafael, CaL, of

disease of the brain.
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JOHN IRWIN VEEDER.

Mr. Veeder was born at Sewickley, Pa., on June 11, 1858, and

passed away in the early prime of manhood, on November 20,

1^92, at Chicago, 111.

In 1866 his parents removed to Burksville, Ky. Here his

musical education was begua, and at the early age of nine years

he performed on the piano at a public concert.

In 1 868 the family moved to Sewickley, Pa., and thence, in

1869, to Plattsburg, N. Y. Here, his father conducted the

affairs of the Arnold iron mine, in the interest of Dr. C. G.

Hussey, Hon. Thomas M. Howe, and himself, for twelve years,

the mine having then been sold.

It was during this formative period of the boy's life that he

acquired his principal education. He attended the Plattsburg

Academy, where he was an eager student, so much so that it

was often necessary to call a halt in his studies for a few days,

in order to give rest to a constitution never very strong. To
this end, he was sent, early in 1872, to Minneapolis, Minn.,

where he remained a year.

He spent the last four or five months of 1874, at Arnold Hill,

down in the mine, in getting a knowledge of the running of

drifts and cross-cuts, timbering, pumping, blasting, stopiug, use

of hand and machine drills, and a great variety of other under-

ground matter. Afterwards, on surface, he spent several months

during the winter in running an engine and boiler at a small

mine owned by the Company. He used to get up at four

o'clock, on the coldest mornings, and walk half a mile, often in

the deep snow, to the mine, in order to get up steam in time for

beginning work at seven o'clock.

After graduating, in 1870, from the Academy, Avith liighest

honors, he took a complete course in Eastman's Business

College at Poughkeepsie, N. Y. About this time the selection

of a cadet for West Po'nt was in the hands of the Hon. Andrew
Williams, M. C, Avho desired him to compete in the customary

examinations for the honor, but his proposed competitors

declined to appear if he presented himself. His father, how-

over, wishing to fit him for an earnest, practical business life,

declined in behalf of his boy, and gave him some further business

experience.

Early in 1877 ho went to Chicago, and spent some time in a

stationer's store, but had much trouble with his eyes, being blind
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for several weeks. He therefore returned to Plattsburg, and

spent the List five mouths of the year at the office and shipping

station of the Arnokl mine, at Ferrona. Here he spent his

mornings in scientific studies, and his afternoons in assisting in

the loading of ore upon the cars.

In February, 1878, his father having taken an interest in the

Sarauac Horse-Xail Company, whose works were also located at

Yergennes, Yt., the boy went to Yergennes, and spent several

months there in learning the making of horse-nails and the

building of the machines. The works were removed in Novem-
ber, 1878, to Plattsburg, N. Y., where all of the proprietors

lived ; and after the installation and starting of the new plant by
Mr. William Long, and the resignation of the latter, Mr. Yeeder

became foreman of the factory, before he was twenty-one years

old. Here, his fine inventive talent, his good judgment of men,

his admirable tact, and perfect self-control, made his administra-

tion an excellent success.

Owing to changes in the business, he resigned his position,

and began to devote himself to a systematic training as a

machinist, it then being the thought of his father and himself

that he would ultimately devote himself to the machine busi-

ness. In order to get the best and largest experience, he took

positions in various shops, going first to Burlington in Febru-

ary, 1880, where, in the shops of B. S. Nichols & Co., he con-

structed some new nail machines, under the direction of Mr.

Long, for the factory at Plattsburg.

In October, 1881, he went to Moutpelier, Yt., where he worked
in the shops of the Moutpelier Iron Company for a short time,

and then to Hartford, Conn., in the shops of the Hartford En-
gine Company.

Failing health compelled him to give up severe labor, and in

December, 1881, he went first to Minneapolis, and then in the

following month to the stock farm of Gen. A. Y. Mackay, at

Bazile Mills, in Northwestern Nebraska.

In July, 1885, with health much improved by the out-of-door

work, he entered, as office boy, the office of James H. Kaymond,
member of this Society, and a prominent patent lawyer of

Chicago. With this modest beginning, he soon proved himself

worthy of better things. Mr. Raymond himself paid him the

highest possible tribute, in a communication to the Patent Law
Association of the city of Chicago.
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Music was the chief solace and recreation of his life, and his

skill as a violinist was of a very high order. To his musical

studies and practice he gave nearly all of his time when out of

his office, and he was one of the founders of an amateur sym-

phony society of over sixty members ; but the cares of an ever-

increasing business, necessarily very exacting in its nature,

proved too much for his constitution, which was, from his

birth, far from being strong. He connected himself with the

Society at the San Francisco meeting in May, 1892.
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Calorimeter, a simple, C. H. Peabody X. 327
" as pt/rometer, J. C.Eoad\ey II. 42

thejiew, G.U.B&Tius VIII. 235

Calorimeter, a coal XIV. 816

a new form of steam VII. 178
" a universal steam XI. 790
" afferted by flow of steam VI. 349
" affected by temperature of steam pipe ... VI. 348
" barrel VI. 289

Barrus VI. 296

coil VI. 294
" in boiler tests at Pacific Mills VI. 715

Calorimeters, comparison of VIII. 248

" errors of X. 375 ; XI. 193
" nr,\eA regarding XII. 825

Cam for steamboat, brief treatise on, L. Johnson II. 122

Cam-cutting XI. 267

Camber in castings VI. 667

Cambering arrangement, Lackawanna I. & G. Co., W. K. Seaman.

.

IV. 106

Cambering machine, advantage.s of IV. 114

of rail.s VII. 154

Cameras in sbops visited XII. 618

Campbell, Andrew C, a new conicograph, VIII., 145; disc, draw-
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ing paper, VIII., 307; methods of reducing the fire loss, XI,,

306 ; new process for cutting teeth of wheels XII. 270

Cams, new process of cutting XIV. 82
" for valves of engines VII. 784

" for western river engines IX. 655

Canadian practice of house-heating XI. 934

Canal Gas Engine Co VII. 698
'

' waste w^eir XV. 669

Canning, E. W. B., on A. L. Holley IV. 39

Canvas belt, tests of VIII. 542, 544, 548

Capacity of a tubular boiler at various pressures and heights of

water line VI. 807

Capacity of Strong locomotive IX. 564

Capen, T. W., disc, cranes, IV., 308 ; relation drawing office to

shop XV. 979

Capital's need for high-priced labor, W. E. Partridge VIII. 269

Car axles, steel, John Coffin IX. 135

" heating, a safety system for, H. K. Towne IX. 453

" wheels, rolled cast steel, J. Reese II. 293

Car hoist system of haul ige XII. 640

" journals, cost of lubricating. . . XI. 126
'

' mileage, cost of XIV. 1113

" springs V. 189
'

' starter, failure of VI. 38

Carbon-bisulphide engine VII. 717

bisulphide engine, efficiency of XII. 155

in steel
'.

VIII. 477, 497 ; IX. 136

non-hardening IX. 137

solid, in flue-gases VI. 829

Carbonic acid vapor engine VII. 686
" oxide gas for boilers I. 275

Carel locomotive II. 276

Carett's steam and fiue-gas engine VII. 692

Carnol's cycle VII. 710

Caupenteu, R. C, application of Ilirn's analysis to engine testing,

and a method of measuring directly the quality of steam in the

clearance spaces, XII., 790; comparative test of a hot-water and

a steam heating plant, XI., 918 ; comparative variation in

economy wHIl change of load in simple and compound engines,

XIV., 426 ; constants for correcting indicator springs that have

been calibrated cold, XV., 454 ; experimental determination of the

effect of ivater in steam on the economy of the steam-engine, XV.,

438 ; heat transmission through cast-iron plates pickled in nitric

acid, XII., 174 ; new form of Prony brake, XV., 62 ; notes on

kerosene in steam boilers, XI., 037 ; n,otes regarding calorimeters,

XII., 825 ; some experiments on the effect of loater hammer, XV.,

510; tests of several types of engines tinder conditions found in

actual practice, XI., 723 ; the saturation curve as a reference

line for indicator diagrams, XV., 904 ; disc, a new belt-testing

machine, XII., 705 ; boat Irausmission, etc., XII., 1026 ; indi-
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cator card of average power, XV., .083; indicator in dynamo-

metric testing, XV., 125 ; maximum contemporary economy

steam-eugine, XV., 413 ; regenerator of bot-air engine, XV.,

750; simultaneous cards from different indicators, XV., 305;

smoke-preventing furnaces VII. 791

Cars for Meigs Elev. R. R VII. 108

Cartridges and burners, alloys of copper for III. 93
" flow of metals in VI. 661

Cartwriglit ether engine .... VII. 681

Cartwriqht, Robekt, disc, an interesting boiler explosion, XIV.,

145; improvement of engineering profession, XIV., 519; lights

for outdoor work, XIII., 236 ; notes on belting, XV., 252 ; thaft-

ing clutches, XIII., 238 ; the value of a water power XIII. 156

Cary, a. a., disc, a coal calorimeter, XIV., 824; cost of horse-

power, XV., 1152; crucible furnace for petroleum, XV., 309;

gauge for high pressure, XV., 1124: grates with small openings,

XV., 508 ; heat units and specifications for pumping engines,

XV., 1117; mc'chanicil draft, XV., 1171 ; methods of reduc-

ing the fire ]o^s XI. 308

Casing for oil wells VIII. 348

" " propellers XI. 1036

Casting aluminium bronze and other strong metals, Thomas D. West. VIII. 245
" flange pipe, new method of, J. E. Sweet IV. 237
" soMnrf, T. D. West VI. 94

Castings, fed and unfed VI. 98

hot-fed rs. cold fed VI. 99

of steel «s. iron Xil. 720

pickling of VI. 668
" seasoning of VI. 667
" testing machine for VI. 101

" toughened, or Stirling IX. 341
" under pressure VI. 104

Cast iron fittings, W. J. Baldwin IV. 274

Cast iron plates pickled in nitric acid, conductivity of XII. 174
" " softness of IX. 337
" " test of the strength of X. 187

Cast metal for guns VIII. 593

Cataloguing references, best system for (184-5) VI. 863

Caulking of boiler joints IV. 439

Causes of lioiler explosions IV. 143

Cawley, Frank, dihC, compressed air XV. 699

Cecil hydrogen engine VII. 695

Cellulose armor for ships VIII. 613

Cement, influence of sugar upon, H. de B. Parsons IX. 386

Cements, testing of strength of, Jerome Sondericker IX. 172

Cements, standard testa for XI. 561

Centennial tests of turbines VIII. 368, 370, 417

Center of oscillation VIII. 215

Central support for Corliss engines X. 829

Centre Square (I'hil ), W. W. Boiler VI. 588, 593
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Centrifugal pumps and their efficiencies, W. O. Webber IX. 228

Centrifugal force of belts VI. 447
" " "flying rope XII. 233

" "high-speed VII. 581

" machines, opt-ration of XIV. 1192

Chains for cranes XI. 952
" limits of stress in VIII. 710
" vs- ropes in cranes IV. 295

Chambered holes X. 462

Change of annual meeting IV. 14

Changes of temperature in a Beton house IV. 402

(^hanute's experiments on load on tires VII. 785

Chapman, Luke, memorial notice of XII. 1057

Charcoal, combustibility of V. 101

Charges of melting cupola VI. 106

" for power VIII. 621

Chase, W. L.. a general engineering classification and index .

.

XTV. 780

Check valves in steam-pipes VI. 580

Cheney, W. L., a system of worm gearing of diametral pitch, X.,

333 ; disc, molecular changes in metals, XV., 616 ; sand blasting

to produce a surface on cast iron XV. 619

ChernofE's theory of structure of steel IX. 148

Chimney draught : facts and theories, R. H. Thurston XII. 85

" staging , a novel , Y . G . Qoggm VII. 612

Chimney draught, De Volson Wood XI. 974

" " idiosyncrasies of XIII. 217

" " mechanical theory of XI. 772
" " Peclet's treatment of XI. 762

" " tests of formulae for XI. 984
" for water-tube boiler XV, 607

" stacks for batteries of boilers XIII. 240

Chimneys, table of sizes of, W. Kent VI, 81

Chimnciys, theory and design of XI. 451

Chloroform engine, efficiency of XII. 155

Christie, James, disc, case-hardening of steel, X., 823; electro-

motors for shops, X., 223 ; lubrication X. 810

Christie, W. W., an experiment with aluminium XIII. 393

Cliromiura in Bessemer metal VI. 64

Chronograph for engineering purposes, W. R. Eckart III. 184

Chronograph on Lowell pumping'engine III. 191

Chronoscope HI. 186

Chucks for twi.'^t drills VII. 136

CuuRCii, W. L., disc, descending smoke flues, VII., 388 ; expan-

sion in single and compound engines, I., 179 ; friction as a

factor, I.. 154 ; non-conducting cylinder linings VII. 370

Circular of standard nietliods of test XL 605

Circulars on commission to tost iron and steel IV. 31

Circulating devicH for a Scotch boiler XV. 612

Circulation in steam boilers IX. 489

C% o/iJtc/mo/K/, indicating engine of XL 828
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Hamond light VIII. 668

Clapp Griffith steel VI. 69

Clark's rule for counterbalancing of engines II. 273

Clarkk. Thos. v., the lunztta riaduci, 1882 XI. 961

Ci-AKKSON. T.. disc, collection of dust in workshops XIV. 705

Classification and index, a general XIV. 780

CLAUsrcs, R. J. E.. memorial notice of X. 842

Cleaning of tubular boilers VI. 581

Clearance in engiue brasses VI. 854

Cleaiames in compound engine I- 173

in multi-cylinder engines XI. 151

Cleaves. E. C method for blue printing IX. 696

Clemens. Ernest V., memorial notices XIV. 1450

Clements. W. L.. steam excavators IX. 515

Climate conditions for harvesting grain VII. 666

Clock, remontoir XI. 774

Cloud, J. W. , helical springs V. 173

Cloud engine VII. 090

ClutcJi couplings, mechanism for marueuvring, W. P. Durfee IV. 311

Clutches for shafting XIII. 236

Coagulant in water purification VII. 6^4

Coal beds of Pennsylvania classified IV. 217

Coal, bituminous, etaporative power of, W. Kent IV. 249

" calorimeter, a, G.H.B&TTxxs XIV. 816

" new method of stocking, J. M. Dodge IX. 270

Coal consumption in a greenhouse XI. 925

" consumption, cost of XI. Ill

" per H. P. in locomotives II. 278, 280; X. 50

" unconsumed in boiler tests VI. 341

" used by Strong engine IX. 608

Coast defense and mechanical problems, Joseph Morgan, Jr VIII. 582

CoEB, E. S., disc, a plea for the printing-press in engineering

schools, IX., 409 ; electro-plating of steel, IX., 716 ;
perform-

ance of a compound engiue, IX., 549 ;
punched aud sheared

edges of steel IX. 732

Code of rules of boiler tents VI. 267

CoDMAX, John E., disc, report on duty trials of pumping engines . XII. 581

Co-efficient of friction for belts on pulleys VII. 349
" *.

VI. 141

" atlOO" I. 88

CoFFLX, John, steel car axles, IX., 135 ; disc, power-press prob-

lems, IX., 167 ; standard section lining, IX., 119 ; memorial

notice of XI. 1157

Coffin's averaging instrument, J. E. Sweet II. 335

CoGGiN, F. O., a novel chimney staging, VII., 612 ; notes on the

steam stamp VI. 370

Cogswell, W. B., dirC, feed-water purification XIII. 255

Cohesion of fractured steel IX. 155

Coke consumption in cupolas IX. 502

Cold rolling XIII. 62
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Cold rolling, effect of II. 417

Cole, J. Wendell, a combination iron and oak pavement, XIII.,

199 ; disc, ariangementof tubes in a boiler, XL, 1103 ; estimates

for steam users, V., 298 ; feed apparatus for boilers, VIII., 298
;

fire-boats, VIII., 190 ; foundations on yielding eartb,VII.. 803;

intrinsic value of special tools, VIII., 267 ; smoke-preventing

furnaces, VII., 789; technical education in tbe United States,

XIV., 1007 ; tempering of steel, IX., 724 ; true crank sbatts and

bearings VII. 524

Col. Laidlev's communication IV. 20

Collection of dust produced in workihops, R. Kohfahl XIV. 696

Colliery hoisting engines IV. 218

pumps IV. 220

Collins, C. C, « 7Lew method for inserting and securing crank pins,

IX., 446 ; balanced valves, IV., 268 ; disc, cranes, IV., 307 ; tur-

bine tests VIII. 392

Colloid structure of iron VII. 243

Columbian exposition tests XIII. 11

Qolumbus or fare indicator XIV. 619

Combination iron and oak pavement, J. Wendell Cole XIII. 199

Combined carbon in steel VII. 251

Combustibility of mill floors II. 497

Combustion chamber I. 274
•' in brick furnaces VI. 567
" of fuel in steam boilers VI. 833
" of water gas VIII. 226

Comly, G. N., economy in lubrication of machinery, IV., 315 ; disc,

balanced vertical engines IV. 384

Commission to lest explosion of boilers II. 59

of 1868 to test iron for U. S. Forts III. 87

Commission to test iron and steel, and other materials, T. Egleston . III. 80

Committee on duty trials of pumping engines XII. 530
" experiments on steam boilers HI. 7

" gauges and standards, report of IV. 21

" Holley memorial report V. 15

" horse- power of boilers III. 20
" Institution of Engineers XI. 43
" invitation of foreign members III. 6 ; V. 17

" joint library of engineering societies VI. 359

" locomotive tests, report XIV. 1312
" memorial to Patent Office VI. 18

" method of testing materials VI. 16, 359

" National Bureau of Information and Standards III. 19

" permanent location ,
III. 6

" pipe and pipe (lireads VII. 20, 414
" revision of rules IV. 15, 199 ; V. 164

" rules, 1880 I. 4

" rules for conducting boiler tests V. 170

" standard gauges III. 14

" standards X. 479, 575 ; XIII. 22
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Committee on standard flanges XIII. 307

" report Xllf. 31

methods of test XIII. 23

report XI. 20. 596

units XIII. 11

to secure reports from U. S. Government VII. 410

test commission, report of IV. 29 ; V. 9

tests of iron and steel III. 6

uniform methods of test VII. 21, 413 ; VIII. 17, 346

U. S. Test Commission VII. 21, 413

World's Fair report ^ XI. 594

Common sense in engineering T VI. 543 -

Communication from Col. Laidley IV. 20

on uniform standards for test specimens V. 164

Comparative cost of steam and water power, C. H. Manning X. 499

" test of a hoi-water and a steam-heating plant, R. C.

Carpenter XI. 918

" value of steam and hot icater for transmitting 7ieat and

power, C. E. Emery VIII. 512

" values of metal surfaces for warming air, W. J. Baldwin VII. 361

" variation in economy with change of load icith simple

and compound engines, R. C. Carpenter XIV. 436

Comparator, Pratt & Whitney Co II. 80 ; III. 122

Comparison between different types of engines, C. A. Hague II. 287

" of indicators, i.'&.Vfebh XI. 311

" " the economy of compound and single-cylinder Corliss

condensinrj engines, each expanding about sixteen

times. D. S. Jacobus XII. 943

" " the mean effective pressures of simultaneous ca/rds taken

hy different indicators, D. S. Jacobus XV. 277

" three modern types of indicators, G. H. Barrus V. 310

Comparison of Jolinson's and Meigs' results IV. 250

" steam tables XII. 592

" " standard inches HI- 125

" " vertical and horizontal engine.^ IV. 385

Compen.sating cylinder for direct-acting pumps XI. 241

Compound engine, a single-acting XII. 275

" " memoranda on the performance of a IX. 545

Compound engine, and single, economy of I- 22

" " brass tubes for reheat er II. 113

development of VIII. 472

" " economy of IX. 548

'• " governor in I. 179

" " high ratios of expansion in I. 55

" " in grain elevators VI. 408, 410

" " philosophy of XI. 135

" " pumping at Toronto I. 179

•• " receiver of I. 178
'* " See also Engine, compound.
** " to reduce cylinder condensation VIII. 479
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Compound engine, wire-drawing in I. 174

Compound engines for manufacturing purposes, C. T. Main X. 48

Compound engines, clearances in I. 173

coal per H. P. in I. 188

" cost of I. 182

" cylinder proportions XV. 759

*' economy and cost of I. 187

" for manufacturing purposes, dimensions of X. 61

" on Western rivers IX. 654

propeller IV. 213
" uniform propulsive energy of I. 180
" uniform rotation in I. 174

Compounding centrifugal and load governing by a rotary piston

valve, W. S. Aldricli XIII. 325

Compound locomotive, development of XIV. 1172

locomotive3 XI. 872
;
XIII. 656

'
' steam distribution XV. 1074

Compounding non-condensing engines VIII. 486

Compress, cotton, failure of III. 106

steel IV. 79

Compressed air for transmitting power VIII. 570

" " by windmills III. 306

" " note on XV. 685

Compression as a factor in steam engine economy, Frank H. Ball. . .

.

XIV. 1067

" " metfwd of governing, H. TsihoT V. 48

Compression, effect of, on friction of valve VII. 643

" " on water consumption XV. 915

" engine VII. 708

" in high-speed engine VIII. 203

" " locomotives XI. 869

" " steam cylinder II. 341

" " Strong locomotive IX. 562

" tests, standards for XI. 624

Computed specific heiit of platinum III. 181

Conant, Tliomas P., memorial notice of XII. 1056

Condensation in cylinder as affected by speed of revolution. . , VII. 379

" " exhaust pipes VII. 816

" " long steam pipes V. 106

" " non-conducting cylinder XII. 375

" " steam jackets I. 172

" " " stamp VI. r.97

" " vapor engines VII. 724, 740

Condenser, a surface XIV. 690
" independent XII. 650

" portable, for testing small engines VII. 380

Condensers, surface, J. M. Wliiiham IX. 417

Condensers, regulation of injection for XII. 187

Condensing engine, cost of II. 286

friction in VII. 108

Conditions of equal work in Worlhington engines III. 151
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CoDductivity of cast iron VIII. 493

"metals VIII. 495
" metals for heat IX. 419

Cone pulleys, diameters of X. 269

Conicograph, a new, A. C. Campbell VIII. 145

Connecting rods, W. F. Mattes IX. 46G

Constants for correcting indicator springs thai have been calibrated

cold. R. C. Carpenter, L. S. Maiks, and S. H. Bairaclougb XV. 454

Constitution of U. S. Commission for testing materials III. 99

Coustruction of an eificiency diagram III. 271

" millfloors II. 491

Consumption of steam at various speeds X. 722

Contamination of driven wells IX. 3i!9

Contents of Appendix on Muuicli and Dresden Conference on

methods of tests XT. 531

Continuous rod mill of I'renton Iron Co., W. Hewitt II. 70

Coutinuous analysis of flue-gases VI. 786
" indicators XV. 579
" lubrication with grease IV. 316

Contract systems in repair shops VIII. 653
'

' work in shops VIII. 290

Contraction and expansion of drawing paper . . VIII. 301

of chilled castings VIII. 243
" of cores in moulds VII. 436

Contribution to the theory of steam-engine, V. Dwelshauvers-Dery. . XIV. 572

Convection of air I. 38

Converter iu basic Bessemer proces-s VII. 37

Converting vessel at Wyandotte VI. 44
" " " " stationary VI. 49

Conveyors for coal '. IX. 270

Conway bridge, stresses in VIII. 180

Coode, Sir John, memorial notice of XIII. 678

Cooling compound for car boxe.« XII. 418

Coon, J. S., duty trials of pumping engines, IX., 476 ; trial of
upright boiler and engine at Ro-vbury pumping station. III., 290 ;

disc, circulation in steam boilers, IX., 492
; performance of a

compound engine, IX., 548; punched and sheared edges of

steel, IX., 733 ; Strong locomotive, IX., 630 ; surface condensers. IX. 430

Cooper, John H., a self-lubricating fiber graphite for the bearings

of machinery, Xlll., 374; accident-preventing devices applied to

machines, XII., 249; handling grain in California, VII., 650;

on the longitudinal riveted joints of steam-boiler shells, X. . 707 ;

disc, bits of engine-room experience, X., 706; circulating

device for a Scotch boiler, XV., 612; compound locomotive,

XIV., 1186 ; fit of set (•crew.«. IX., 333 ;
grouping of tubes in a

Scotch boiler, XV., 614 ; improvement of engineering pro-

fession, XIV., 500; kerosene oil in f-team boilers, IX., 254;
lining for brake straps, IX., 332 ; lubrication, X., 813 ; notes on

belting, XV., 244
;
packing for hydraulic machinery, XV., 593 ;

punched and sheared edges of steel, IX., 730; rope trans-
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miFsiotif, IX., 703 ; standard section lining, IX., 117; strains in

fly-band wheels, XIV., 264; tractive forces of leather belts,

X., 769 : two-cylinder vs. multi-cylinder engines XIII. 656

Cooper, Thomas, platinum lamp VIII. 671

Co-operation of labor VIII. 647

Copeland gift to library XI 15

Copeland, George M., memorial notice of XIII. 680

Copper, brittleness of XV. 590
" castings, color of V. 152

flux for V. 154
" for bearings of car journals XI. 133
" for pmall pores or chills XV. 622
" scale to oxidize CO gas VI. 791

tin-zinc alloys VIII. 336
" tubes for condensers IX. 4'29

Cord tensions in indicator drams VII. 503

Cored brasses for journals VI. 850
" flanges for cast pipe IV. 237

Corliss boilers VI. 613
" engine, for roll train II. 71

" " high speed of II. 74

Pawtucket I. 173
" pump-valve springs IV. 349

Corliss engine, alteration of cross-head of, C. E. Emery II. 40

Cornish or double-heat pump valves, A. F. Nagle X. 521

(/Ornish pumps in anthracite mines IV. 221

Corrosion of steam drums, James McBride XV. 1087

Corrosion Ijy electro-plating solutions IX. 719
" " sugar vapor IX. 429
" in a boiler drum XII. 518
" " fire Ijoxes IX. 536

" of aluminium bronze VIII. 335
" boilers VI. 119

*' " gauge glasses IX. 250
" " iron by caustic lime III. 231

" " "mortar III. 231

" " pine plank by oak VI. 590
" " propeller blade XV. 961
" " pumps in mine water IV. 221 ; VI. 633

Corrugated boiler furnaces VIII. 498

Coryell's Little (iiant boilers VI. 596

Cost and tim,e, a short uay to keep, II. L. Binsse IX. 380
" of an indicated horse-poircr, DeCourcy May XV. 1146

" " foundry iciork, estimating the, G. L. Fowler IX. 390

" " frictional resistances of engine and shafting in mills. J. T.

Henthorn VI. 461

" " lubricating car journals, J. S. Kandolph XI. 126

" " power in non-condensing steam-engines, C. E. Emery X. 233

" " steam and power, H. R. Towne VIII. 617

" " " " water-power, (^.T. ^\ei\rx XI. 108
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Cost, factor VII. 456

of aluminium bronze VIII. 256
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" beton construction IV, 388
'

' compound engine I. 182

*' condensing engine II. 286

" electric railroads XI. 845

" engine as affecting expansion III. 282

" horsepower XIV. 1100

" " per annum X. 55

" labor in contract and piece-work VII. 432

"lubricant I. 117
'

' lubrication by grease and oil IV. 318

" manufacture XV. 623

" petroleum XIV. 1102

" product VII. 452, 483

'• pumping hot water VIII. 522

" rope for driving XII. 236

" smoke preventing furnace VII. 789

" steam excavator IX. 532

"ventilation VII. 544

" water-gas VII. 672

" water borse-power X. 500

" water-power plant X. 501

Cotter, J., disc, age of steam boilers. II., 521 ; expansion in single

and compound engine, I., 181 ; friction of oils, I., 113; screw

propulsion *. 11.

Cotton-leather belts, tests of VIII.

Cotton-seed cake, analysis of
" hulls as fuel
" meal
" " spec, heat of
"

oil, consumption of
" " extracted by leaching.

VI.

VI.

VI.

VI.

VI.

VI.

" " machinery for VI. 418
" " " manufacture of VI.

" " " speed and power of VI.

" " mills, insurance of VI.

'• " production of VI.

" yield of VI.

Cottrell, Calvert B., memorial notice XIV.
COOCH, A. B., disc, adoption of code for boiler trials, VI., 882;

belts as grain conveyers, VI., 412; conicograph, VIII., 155;

drop press, V., 61; flow of metals, VI., 667; power for machine
tools, VIII., 310; steam stamps, VI., 396; technical education,

VI., 534 ; working pressure of gear teeth VIII.

Couch, A. B. , memorial notice of X.

Counterbalancing of engines, S. W. Robinson II.

Counterbalancing of engines XIV.

468
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CouDterbalancing centrifugal machines XIV. 1205
" of a locomotive X. 302
" " locomotives in France II. 276

onP. R.R II. 274
" " saw-mills II. 269
" " vertical engines II. 272

Counterbore in cylinders X. 698

Countersliaf ts, uniform speed for VII. 146

Counter-vpeigliting by steam IX. 167

Coupling, flexible, for engine shaft VII. 523
" for Edison-Porter dynamo III. 221

" Meigs Elev. R.R VII. 109

" pipe threads VII. 321

Courses in mechanical engineering at the Massachusetts Institute of

Technology, G. Lanza VII. 338

CoWLES, Wm,, improvement in ferry-toots, VII., 190
;
fire-hoats, VIII. 182

CoxE, E. B., technical education, XV., 655; the iise of small sizes

of anthracite coal for generating t^team, XV., 36; disc, a coal

calorimeter, XIV., 824; amendment to Rule 18, XV., 25; at

Holley memorial session, III., 49 ; Buckeye engine valve gear,

XV., 199; chimney for water tube boiler, XV., 610 ; corrosion

of cast steel propeller blade, XV., 962 ; cost of horse-power,

XV., 1155 ; mechanical draft, XV., 1177
;
packing of hydraulic

machinery, XV., 599 ; receives portrait of Francis Reuleaux,

XV., 32; relation drawing office to shop, XV., 980 ; steam piping,

XV., 547; technical education in the United States XIV. 1011

Cracking of steel VI. 844 ; X. 434

Craddock on vapor engine ! ... VII. 686

Craig's circulating device for boilers , XV. 613

Crane, a power, W. F. Durfee V. 131

Crane chains XI. 953

" electric XIV. 368

" for roll trains IV. 310

CuANE, T. S., direct acting steam veneer cutters, VIII., 426 ; the pu-

rification of water for mfg. and domestic purposes, VII., 617 ;

disc, engineering problems for senior students, VIII., 330 ; ex-
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epruce beams, IV., 134; steam-engine indicator, IV., 187;

strength in machine tools, I., 121; technical education, VI.,

548 ; test of a pulsometer, XIIL, 316; test of hot water and a

steam-heating plant, XL, 931 ; the identification of dry steam, X.,
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" surface condenser, J. E. Fitts XIV. 690
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GENERAL INDEX. 1299

VII., 5S9 ; feed-water purification, XIII., 251 ; flow of metals,

VI., 663 ; formula for steel balers, XV., 629 ; friction of en-

gines, IX., 89 ; friction of non-condensing engines, VIII., 106 ;

grate witli small openings. XV., 508 ; heat transniir^sion

throuirli cast-iron plates piclJed in nitric acid, XII., 180;

hydraulic press to replace drop press, XV., 591 ; improvement

of engineering profession, XIV., 515 ; indicators, V., 336 ; indi-

cator card of average power, XV., 57S ; inserting and securing

crank-pins. IX., 450 ; lights for outdoor work, XIII., 235 ; man-

ufacture of cotton-seed oil, VI., 433 ; maximum contemporary

economy of steam engine, XV., 402 ; mechanical circulation in

steam-boilers, VII., 815; mechanics of the injector, X., 341;

Meigs's Elev. R.R. VII., 122; mineral wool, III., 230; most

economical point of cut-off, II., 284 ; natural gas, V., 360 ; New
York to Chicago in 17 hours, V., 307 ; non-conducting cover-

ings, v.. Ill; notes on belting, XV., 242; packing of hydraulic

machinery, XV., 606 ;
packing of hydraulic machinery, XV.,

602 ;
perfect .=crew, V., 249 ;

performance of a double-screw

ferry-boat, XL, 443 ; performance pumping engine, XIV., 1406';

phenomena of steel, X., 433, 452
;
power for machine tools,

VIII., 311 ;
pressures and speeds of journals, VI., 851

;
problem
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" " direct-aciing steam pumps, and its results, David Guel-

baum XV. 75
" " efficiency of real engines III. 262
" " heat engines VII. 710

" the steam jacket, current practice, R. H. Thurston XV. 779

Thermal capacity of metals VIII. 494

minutes as units for tests of sprinklers XI. 702
" unit as standard of evaporation V. 298

Thermo candle of J. S. William? VIII. 668

Thermo-dynamics of Worthington and other compound engines, S.

W.Robinson III. 130

Thermo-dynamicp, second law of VII. 726

Thermo-electric generation of current IV. 87

Thermometer, air VI. 281

" cups for testing XII. 825
" for feed-water V. 71

" " steam temperatures VII. 188

in tests at Pacific Mills VI. 729
" rate of rise or fall of XIII. 70

Thermostat for injection water or hot well XII. 189

Thermostatic regulators IX, 433

Thimble stay bolts IX. 542

Thompson', C. T., disc, beton as building material IV. 403

Thompson, E. W,, manufactxire of cotton-seed oil, VI., 414 ; disc,

belts as grain conveyors, VI., 411; manufacture of cotton-seed

oil, VI., 433; systems of cataloguing and indexing VI. 863

Thomson, Eliho, disc, soldering and welding of aluminium X. 822

Thokne, W. H., twist drills VII. 130

Thorneyoroft propellers IX. 659

Threads on half-inch bolt XIII. 245

Three-cylinder engines I. 178

Throttling of piping for blowers • IX. 64

Thrust-bearings, friction of VII. 305

TflunsTON, R. H., address, annual, 1881, II., 415 ; address, inaugu-

ral, 1880, I., 7; authorities on the ateam-jacket : facts and current

opinion, XII., 462 ; chimney draught : facts and theories, XII.,

85; effect of prolonged stress on iron, FV., 224 ; TEirn and Dwels-

hauters^ theory of the steam-engine, experimental and analytic,

XI. , 688 ; internal friction in non-condensing engines, IX., 74;

introduction to Dwelshauvers-Dery table of properties of steam,

XI., 72; introduction to Holley memorial session, III., 29; large

85
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and enlarged photographs and blue prints, IX., 696; letter on

inclined screw propulsion, II., 456 ; letter presenting Ericsson

memorial, XI., 583; mechanical engineer, his tearJc and his policy,

IV., 75 ; note on helical seams in boiler-making, VIII., 357 ; note

on the regulation of the steam engine, II., 338; note on water-

hammer in steam pipes, IV., 404 ; on adoption of a code for

steam boiler trials, Yl.,87S; on the distribution of internal fric-

tion in engines, X., 110 ; on the friction of non-condensing en-

gines, VIII., 86; on the maaimum contemporary economy of

the high-pressure multiple-expansion steam-engine, XV., 313;

philosophy of the multi-cylinder or compound engine : its

theory and its limitations, XI., 135, 178; pressure obtain-

able' by the use of the drop-press, V., 53; proportioning

steam cylinders, IX., 360 ; ratio of expansion at maximum effi-

ciency, II. ,128 ; sliding friction of rotation, Y\.,\22 ; steamboilers

as magazines of explosive energy, VI., 199; steam-engine efficien-

cies : the ideal engine compared with the real engine, XII., 729
;

systematic testing of turbine water-wheels in the United States,

VIII., 359; technical education in the United States, XIV., 855;

the several efficiencies of the steam engine, III., 245 ; theory of

the finance of lubrication, VI., 437; theory of the steam jacket,

current practice, XV., 779 ; variable load, internal friction and

engine speed and work, X., 138 ; disc, a governor for steam-

engines, XI., 1091; adjustable cnt-off for marine engines, IV.,

140 ; alloys of copper-tin-zinc, VIII., 33G; application of Hirn's

analysis, XII., 752, 815 ; automatic sprinklers, XI., 714; averag-

ing machines. III., 207; built-up VFork in engine construction,

III., 197; calorimeter as pyrometer, II., 53; centrifugal pumps,

IX., 237; chronograpL. for engineering purposes. III., 189; com-

parison of compound and single cylinder Corliss engine, XII.,

951; comparison of indicator.-*, XI., 323; compound engines for

manufacturing purposes, X., 78; counterbalancing of engines,

II., 270; crystallization of iron, VII., 246; density of water,

XIII., 410; economy and efficiency of the steam-engine, XIII.,

351; economy of simple and compound engines, XIV., 450;

Edison-Porter steam dynamo. III., 227; effect of steam-jiicketon

cylinder condensation. III., 879; effect of water in steam, XV.,

449 ; efficiency of a man at a crank, VIII., 714 ; efficiency of the

crank, I., 237; expansion in direct-acting pumps, XI., 250;

expauf^ion of steam and water, III., 216: experimental me-

chanics, II., 58; experiments with blowers, IX., 68; friction as

a factor, I., 152; friction of lubricating oils, I., 113; friction of

piston packing rings, X.. 395; lianlage by horses, XIV., 1059;

heiit generated by lamps, XIV., 359; heat transmission through

cast-iron plates, XII., 1025; H()lley',s basic Bessemer plant, I.,

137; improvement in ferry-boats, VII., 204; improvement of

status of engineering profession, XIV., 497; inliuence of steam-

jackets of Pawtucket i)umping engine, XI., 364; institution of

engineers, XI., 33; interesting experimout with a lubricant,
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XII., 227; measurements of friction, VI., 154; mill floors, II.,

497; mineral wool. III., 231 ; most economical point of cut-oflf,

II., 202 ; new method of blue printing, VIII., 723; new valve

motion, V., 45; nomenclature of machiiio detailti, II., 369; non-

conducting coverings, V., 101; notes regarding calorimeters,

XII., So9; number of meetings, X.,24; performance of a Wor-

lliington pumping engine, XII., 1010; presents portrait of Francis

Reulpaus, XV., 80; rating of boilers by horse-powers, VII.,

237; report on duty trials of pumping engines, XII., 563; report

on standards, XI., 23; standard measurements, II., 89; steam

calorimeter, VII,, 185; steam piping, XV., 560; Strong locomo-

tive, IX., 634; table of properties of steam, XI., 106 ; technical

education, VI., 528, 556; test commission. III., 109; test of

triple-expans'on engine, XII., 671; tests on triple engine at

Mass. In«t. Tech., XIV., 397; training of a dynamic engineer,

VII., 758; transmission of force in a steam-engine, XL, 521;

Trenton rod mill 11. 75

Tide measurements for tests of propellers XL 1031

TiLDEN, J. A., disc, smoke in blacUsmith shops VIIL 698

Tiltiiiff water meter foi' purposes of experiment, J. C, Hoadley V. 63

Timber, expansion of, due to water, De Volson Wood X. 539

Time and cost, a short way to keep, H. L, Binsse. IX. 380

Time diagram of course at Worcester Institute VI. 519
" of exposure in Bower Bar fl process IV. 1:557

" " oscillation of spring V. 183

Tinning for protection of metals XV. 1003

Tire- rolling mill XIII. 66

Tires, shrinkage allowance for IX. 449

To-MPKixs, S., disc, new process for cutting teeth of wheels XII. 272

Tonnage of grain in California VII. 665

Topical discussions and interchange of data, 11 th meeting VI. 843

26th " XIV. 487

12th meeting Vll. 375

13th " VIL 784

14th " VIIL 295

15th " VIIL 697

16th " IX. 324

17th " IX. 703

18th •' X. 431

19th " X. 810

2l8t " XI. 1102

22d " XIL 518

23d " XIL 1045

24th " XIIL 229

28th " XV. 577
Toronto Worthington pumping engine I. 179

Torpedo boats IV. 92
" defense, requirements of VIIL 585

Torpedoes, welded VI. 848

TORRET, H. G., disc, crucible furnace for petroleum XV. 310
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Torsion balance, the, Wm. Kent VI. 636

Torsion, apparatus for measuring VIII. 138
" in spiral springs IV. 337

of steel X. 43i
" tests, standards for XI. 635

Total adhesion, locomotives operating by XIV. 648

Toughened castings IX. 341

Tower, Beaucliamp, experiments on lubrication VI. 157

TowNE, H. R., a safety car heating system, IX., 453 ; cranes, a study

of types and details, IV., 288 ; drawing-office system, V., 193
;

engineer as an economist, VII., 428; gain sharing, X., 600;

president's address, 20th meeting, XI., 50; remarks as retiring

president, XI., 46; steam and power; the commercial deter-

mination of costs, VIII., 617; disc, a problem in profit sharing,

VIII., 643; adoption of code for boiler trials, VI., 888; J.n-

nealing furnaces for castings, VIII , 297 ; boilers for warming

dwelling-houses, VI., 623; calculatine: machines, VIII., 707;

capital's need for high-priced labor, VIII., 289 ; central support

for Corliss engines, X., 831 ; data for steam heating, VI., 857 ;

deep holes in steel, VIII., 704; descending smoke flues, VII.,

390 ; different kinds of belting, VIII., 553, 560 ; divergences in

flange diameters, IX., 129; dredging machinery, VIII., 127;

drilling holes in glass, VII., 3i)4 ; drop press, V., 58; electro-

motor.s for shops, X., 829; expansion of timber due to water,

X., 542; experiments on belting, VII., 585; experiments on

gearing, VIII., 300 ; fit of set screws, IX., 3 )3 ; flow of metals,

VI., 667; flying rope, VIII., 318; friction of engines, IX., 88;

friction of non-condensing engines, VIII , 107 ; grinding-room

grit, VIII., 301 ; handling grain in California, VII., 668 ; Insti-

tution of Engineers, XI., 32; intrinsic value of special tools,

VIII., 262; joints of boiler shells, X., 715; laboratory of

mechanical engineering equipment, VIII., 329 ; load on tires,

VII., 785 ; loclcs and their failings, VI., 254 ; lubiicatinn, X.,

815 ; methods of reducing the fire loss, XL, 306 ; natural oas,

v., 371 ; notes on belting, XV., 238; oxidation of mitals, VI.,

634; packing for pneumatic machinery, VII., 381; perfect

screw, v., 236
;
power crane, V., 138 ;

power for machine tools,

VIII., 314
;
power to drive a blower, VII., 824; pressures and

speeds of journals, VI., 849; properties of metals and alloys,

v., 147; recent improvements in drawing boards, VI., 232;

report on standard tests, XIII., 24; sand-blast process, VIII.,

325 ; shell and water-tube boilers, VI., 582 ; sliding friction of

rotation, VI., 158 ; smoke in blacksmith shops, VIII., 698 ; soft

castings, IX., 337 ; standard section lining, IX., 116 ; standards,

X., 572 ; strength of shafting, VIII., 141 ; sub.stitutea for steel

in springs, VII., 386; systems of cataloguing and indexing,

VI., 865; testing small engines, VII., 380 ; the, milling macliir.e

a.s a sul).stitute for the plan(ir, IX., 2n5 ; the unexpected which

often liap|)ons, Vli., 156; tractive forces of It-atiier holts, X.,

773; transmisfiou by belling, VII., 357; valve d.\ namouieter.
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VII.. 646 ; water gas, VIIL. 233 ; water purification, VII., 628 ;

working stress of iron, VIIL, 179; wrouglit-iron scrap in

castings IX. 340

Tractive force in Meigs Elev. R.R VIL 111

forces of leather belts on pulley faces, S. A. Smith X. 765

Trade schools IV. 101: X. 492; XIV. 894

Transcontinental trip of 1892 XIII. 687

Transfer of heat from iron surfaces VIIL 528

Transmission lo.-ses XV. 705
" of force in a steam-engine XL 492
'* " heat through boiler setting VI. 814
" " power by belting (M. I. T. Esps.), Gaetano Lanza.. VII. 347
" " " '• " (Sellers' Exps.), Wilfred Lewis., VIL 549
" " " " gearing " "... VII. 273

Transmitting dynamometer, friction in X. 514

Transportation, progress in IV. 84

Transverse strength and stiffness of large spruce beams, G. Lanza. . .

.

IV. 119

Transverse tests, standards for XL 625

Trautwein, A. P., disc, water-gas VIIL 230

Tiavel of slide valves I. 153

Travelling crane for Kinzua viaduct XL 973
" crane?, hydraulic XII. 202

" of Appleby design IV. 305
" speeds XV. 612

Traverse gear for cranes IV. 294

Treasurer'.-^ report. Ses Report.

Trenton Iron Co.'s continuous rod mill, W, Hewitt 11. 70

Tresca, Henri, memorial notice of VI. 873

Trevithick's steam and flue-gas engine VII. 691

Trial of v^] right bailers and engines at Roxbury Pumping Station,

J. S. Coon IIL 290

Trials of a warm-blast ajtparatus at the Pacific Mills, J. C. Hoad-

ley VL 676

Tribute to A. L. Holley, J. C. Bayles III. 34

Triple alloys, copper-tin-zinc VIII 336
" expansion engines, cylinders of X. 576
" " " economy of VIIL 496

test of XIL 643
" thermic motor. See Bisulphide of carbon VIL

Trolleys or trucks for cranes IV. 299
Trowbridge, VV. P., heating surface in ventilating flues, III., 67;

on a theorem of Rankine as to economy of single-acting engine,

IIL, 236 ; on the relative economy of ventilation by heated chim-

neys and by fans, VIL, 531; the rating of boilers by horse-powers

for commercial purposes, VIL, 214; disc, mill floors, II , 498;

report of a committee on steam boiler trials, VI. , 314; substi-

tutes for steam VII. 718
Trowbridge. William P., memorial notice of XIII. 684
Troy, original Bessemer plant at, R. W. Hunt VL 61

True and mean specific heat. ... '.

III. 175

I
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Tkump, C. N., disc, fiber-graphite, XIII., S86: number of meetings,

X., 23: sand-blast procet-s VIII. 324

Tube for oil wells VIII. 348

" grouping in Scotch boilers XV. 614

Tubes diverging, hestform of, A. F, Nagle IX. 505
" from solid bars, Geo. H. Biibcock VIII. 564

Tubes for measurement of water XI. 679
'• protected from corrosion IV. 363, 3G4

welded, tests of VI. 845

Tubing, flexible XII. 197

Tubular boilers, a new method of constructing, F. A. Scheffler VI. 110

Tubular springs. ... V. 191

Tudor radiator XIV. 415

Tuition fees in technical schools XIV. 913

Turbine, note on the steam, J. B. Webb X. 680

wheel testing, B.. W.ThwTiiion VIII. 359

Turbine efficiency ,
XV. 727

" water wheels XIV. 266

Turbines, efficiency of, as affected by form of gate, S. Webber III. 78

Turbines, different forms of IV. 82

Turnouts on cable railway XII. 67

Turpentine for diilling glass VII. 393

Tuyerage of cupolas IX. 499

'J'uyeres at Wyandotte VI. 45

Tikst drills, W. H. TlLorne VII. 130

Two cylinder vs. multi-cylinder engines. Green & Rockwood XIII. 647

Two rope haulage systems, R. Van A. Norris XII. 626

Tynan, J. W., memorial notice of XIII. 680

Undekwood, F. H., disc, different kinds of belting, VIII., 554,

562; experiments on belting, VII., 586; smoke-preventing fur-

naces VII. 793

Underwriters' requirements for sprinklers XI. 709

Unequal cooling of steel VII. 253

Uni form methods of test, report on VIII. 17, 346
" speed of counter-shafts VII. 146

Uniformity in cupola mixtures VII. 424

Unit of boiler power VI. 265

" •' " (('. H. Richards) VI. 320

" " " (VV. P. Trowbridge) VI. 319

" " commerciiil evaporation V. 300

" " evaporation V. 284

Universal steam calorimeter, a, George H. Harrus XI. 790

Universal joints in marine engine shafts VII. 526

Unkunde Unheilschwanger, Herr VI. 42

Unwin, W. C, disc, an error in Encyclopaedia Britannica X. 784

Upright boilers at Roxbury Pumping Station, tests of, J. S. Coon. .

.

III. 290

Use for inertia in shaft governors, E. J. Armstrong XI. 1068

" of calorimeter as pyrouu'ter for high temperatures, J. C. Uoad]ey II. 42

" " kerosene oil in steam-boilers, L. F. Lyne IX. 247
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rsf of small sizes of anthracite coal for generating steam, E. B. Coxe XV. 36
' " tfu! indicator for continuous records in dyaamometric testing,

W. S. Aldrich XV. 112

Utilisation of the potcer of ocean icates, A. W. Siahl XIII. 438

Vacuum in condensing engines XI. 1050

" pan, efficiency of VIII. 425

Valuation of lubricants by consumers VI. 437

Value of a water power, Charles T. ^Jaiu XIII. 140

Valre dynamometer, a new, C. M. Giddings VII. 681

" gear of Buckeye engine XV. 177
" motion, new form of, C. Angstrom V. 41

Valve, a self-packing, H. F. .1. Porter II. 499
" adjustable, O'Neill's II. 349
" gear for steam stamp, independent VI. 396
" " of western steamboats IX. 647
" " Strong locomotive IX. 557
" motion for steam stamp VI. 372, 382
" rods of steel X. 454
" stems X. 700
" the Giddings slide VII. 640

Valves, hack pressure on, S. W. Robinson IV. 150
" ia^a need, C. C.Collins IV. 268
" Uornish or double beat, A. F. Nagle X. 521

Valves, balanced, Allen IV. 270

fitted hot IV. 273

Porter-Allen IV. 269

Sweet IV. 271

" Coriish, for high service pump at Providence X. 525
" for blowing engines XIT. 681
" " fire protection of mills II. 321

" " high pressures XI. 1105

" of engine at Wyandotte VI. 56

Vampire, the locomotive . VII. 704

Van Buren's calorimeter VII. 87

Vanderstegen, Alfred, disc, collection of dust in workshop?,

XIV.. 705 ; limitation of engine speed XIV. 811

V.^N Vleck, Frank, light cable road construction, XII., 56; standard

section lining IX. 107

Vapor and vapor engines, De Volson Wood X. 648

saturated and superheated, De Volson Wood X. 670

Vapor as absor'oent of heat VIII. 501
" engines, efficiency of XII. 155

Variable load, internal friction and engine speed and work, R. H.

Thurston X. 188
" speed power transmission, H. C. Spaulding XIV. 478

Variable load in compound engine I. 171

Variation of pitch of ?crew-thread8 X. 465
" " pressure in receiver of compound engine III. 131

Veeder, .1. I., memorial notice of XV. 1196
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PAGE
Velocity and pressure of wind Ill, 305

" of air in blowers IX. 53
" " steam stamp VI. 391

Veneer cutters, direct acting, T. S. Crane VIII. 426

Ventilating an office-building, H. T. Snell IX. 99
" flues, heating surface in, VV. P. Trowbridge III. 67

Ventilation hy heated chimneys and hy fans, W. P. Trowbridge. . .

.

VII. 531

Ventilation by coil aud blower compared III. 75
" of hospitals and public buildings VII. 540

Vertical engines, balanced, W. F. Durfee IV. 368

Vertical ««. horizontal bending rolls for plate XI. 1105

Viaduct, the Kinzua XI. 961

Vibration of buildings II. 270
" " engine foundations IV. 385
" " flying rope VIII. 015

" mill floors II. 471
" " mills affecting product II. 498

ViCTOTSiN, Anthony, performance of an overhead traveling crane op-

erated hy a single electric motor XIV. 368

Vignolles' driving wheels VII. 124

Viscosiraeters IX. 370

Viscosity of lubricants, significance of, J. B. Denton IX. 369

VoGT, A.,dif-c., arranging and indexing drawings and patterns, II.,

374, 378; counterbalancing of engines II. 273

Von BoRRiES, A., development of the compound locomotive, XIV.,

1172; disc, rack railways XIV. 747

Von Welsbach's zirconium light .

.

VIII. 665

VoORHEES, Philip R., disc, report on standards XI. 29

Vortex chamber IX. 239

Vulcanized fiber for brake straps IX. 331

Wagon boiler VI. 588

Waldo, Leonard, dii-c, progress in aluminium bronzes XV. 031

Walker, F. A., address of welcome VII. 8-32

Walker, John, disc, annular jet for ejector, VII., 804; another

new steam engine indicator, VII., 518; chains for cranes, VIII.,

712; cranes, IV., 306; data for steam-beating, VI., 860; draw-

ing-office system, V., 204; efficiency of a man at a crank, VIII.,

714; experiments on belting, VII., 586; flow of metals, VI.,

668; friction in hoisting machinery, VIII., 716 ; frictional resist-

ances of engine and shafting, VI., 473; heating and ventilating

a building, IX , 104; mechanism for clulch couplings, IV., 314;

moulds for printing-press ink-rolls, VII., 809; pressures and

speeds of journals, VI , 851; smoke-preventing furnaces, VII.,

794; speed of gears, VI., 802; standard fittings, IV., 285;

strains in boiler stays, VIII., 720; substitutes for steam, VII.,

729; true crank-shafts and bearing-!, VII., 526; veneer cutters,

VIII., 438; welded vs. riveted work VI. 846

Walker's method of pouring cast-iron cylinders VII. 810

Wall, E. B., disc, committee on standard methods of testing loco-

motives, XL, 591; memorial notice of XV. 1190
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Walton, T. H., letter on Savaniiali engine XV. 997

Walworth, A. C, disc, amendment to rules, XIII., 40; intrinsic

value of special tools, VIII., 268; new graduating radiator, XIV.,

412 ; report on standard flanges, XIII., 31; rise or fall < f a mer-

curial thermometer, XIII. ^ 75 ; steam piping XV. 544

W.vno, W. E., early e.rpenmcnts involving the flow of metals VI. 655

Warelioiise for grain in California VII. 661

Mann blast apparatus, trials of, J. C. Hoadley VI. 676

Warm-blast apparatus for cupolas ... IX. 503

Warming a beton house IV. 392, 396

" air, metal surfaces for VII. 361

Warnek, W. R., disc, automatic regulator for heating apparatus,

IX., 439; roller bushing for journals, IX., 329; rope transmis-

sions, IX., 711; shaft governors IX. 331

Warsop steam and flue-gas engine VII. 692

Waste weir, new form of XV. 669

Wastefulness in piece-work VIII. 646

Wastes of the steam-engine XI. 136

Water-gas as fuel, Wm. Kent VIII. 225
" " for melting in 0. H. furnace, F. W. Taylor VII. 669
" hammer in steam pipes, note on, R. H. Thurston IV. 404
" measurements, with special reference to SchimeVs ebonite water

meUr, F. Lux XIV. 676
'

' meter, a tilting, J. C. Hoadley V. C3
" tiCbe and shell boilers, A. Sterling VI. 566

Water as lubricant X. 395

" condensed in heating coils VII. 368
'

' evaporated by gas fuel V. 361

" grates in boilers of Pacific Mills VI. 694
'* hammer, effect of XV. 510
" horse-power used in United States in 1880 VIII. 360
" in steam, effect of XV. 438
" " " pipe, effect of :^V. 560
" meter, errors of V. 09; VIII. 626

" Schlnzel's XIV. 676
" per H. P., in compound engine I. 173
" " per hour X. 252
" power and steam, cost of XI. 108
" ' plant, cost of X. 501

" valueofa XIH. 140
" platinum pyrometer VI. 702
" purification for domestic and manufacturing purposes VII. 617
" stations for R.R III. 307
" tabe boilers, advantages of VI. 604, 613

at sea .. VI. 116
" " " inventors of VI. 601

" " priming of VI. 578
" used by Strong engine. IX. 608
" wheel of ferry-boats IV. 141

" " sliafts, engines on II. 77
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Water wheels for high pressures XIII. 331

Watson, E. G., disc, age of steam boilers II. 5'23

Watt, James, compensating device XT. 249

Watt, S. P., a belt dynamometer XII. 694

Watt's boiler VI. 588

Wave motors XIII. 438

Wax in steam boilers VI. G09

Wear of dyes XV. 591

" "gears IX. 222

Wearing of crosshead gibs IX. 874
" surfaces of screws and inits V. 243

Weaver, S. B., memorial notice of XV. 1189

Weaving shed roof for machine shop XIV. 527

Webb, J. B., a persistent for )n of gear tooth, IX., 398 ; fm error in

the EncyclopcBdia Britannica, X., 778; belting to connect shafts

which are not parallel arid do not intersect, IV., 165 ; III., 22 ;

effect of friction at connecting-rod bearings on the force trans-

mitted, XL, 1134 ;
jet propulsion, XII., 904 ; length of an indi-

cator card, XI., 941 ; nerc form of steam-engine indicator, IV.,

182; note on the steam turbine, X., 680 ; overhauling of a me-

chanical power, X., 403 ; Pecltt's treatment of chimney draught,

XI., 1Q2; performance of a steam reaction-uheel , XH., 888;

Beuleaux's kinematic models (abstract), IV., 367; the compar-

ison of indicators, XI., 311 ; the mechanical theory of chimney

draught, XI., 772 ; the mechanics of the injector, X., 339 ; disc,

arrangement of tubes in a boiler, XL, 1104 ; balanced chimney

draught: facts and theories, XII., 119; balanced vertical en-

gines, IV., 383 ; conicograph, VIII., 156 ; diavving-office system,

v., 205 ; drawing-paper, VIII., 303 ; drop press, V., 58 ; dura-

bility of lubricants, XL, 1026 ; effect of the steam-jacket on cylin-

der condensation, XII., 886 ; effect of unbalanced eccentiic, XL,

1064; equilibrium arch curves, XL, 914; expansion in direct-act-

ing pumps, XL, 249 ; flow of metals, VI., 668 ; friction in toothed

gearing, IX., 206; gain-sliaring, X., 622; gauge for high pressure,

XV,, 1132 ; helical springs, V., 185 ; indicator card of average

power, XV., 578 ; inertia in shaft-governors, XL, 1078; influence

of steam-jackets of Pawtuckct pumping engine, XL, 363; natural

gas, v., 374 ;
perfect screw, V., 241 ; performance of a double-

frcrew ferry-boat, XL, 44G; piston packing, IX., 93
;
piston pack-

ing rings, VIII. , 452 ; report of committee on steam boiler trials,

VI., 322 ; rules for conducting boiler testa, V., 277 ; sund-blast

process, VIIL, 325 ; shaft governors, IX., 309 ; .spiral springs^,

IV., 347; standards, X., 572; steam-jackets of Pawtucket

engine, XL, 1050; technical education, VI, 525; the milling

machine as a substitute for the planer, IX., 305 ; theory and

design of chimneys, XL, 470 ; theory of shaft governors, XV.,

956 ; torsion balance, VI., 639 ;
tubular boilers VI. 118

WEBBEii, Samuel, efficiency of turbines as affected by form of gate,

III., 78 ; experiments on the adhesion of leather belts, II., 234 ;
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